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a)Glucose: . C H 0
b) Fructose:  C H 0
c) Galactose: C H 0

3) What is one common thing shared by these three molecules?

4)

5)

6)

8)

. 9)

What makes them different from each' gther?

These monosaccharide molecules can be used o make a more complex sugar, called a
disaccharide. Before this can happen, one of the molecules must lose a hydrogen atom
while the other must lose a hydrogen atom and an oxygen atom. Why is this important?

}f we combine this H and OH, what simple substance does it form?

When the two monosaccharides are put fogether fo form one disaccharide, how many
waler molecules were formed?

This process is called synthesis because of the

loss of water while the reaction is taking place.

Examine the three paper molecules on the last page. They represent a monosaccharide.
Cut them out along their oufer lines. Try to put them together so that if they are moved,
they will remnain attached. '

10) Is there any way for them fo remain attached to each other? (In other words, if this was a

Why not?

puzzle, would the puzzle fit together properiy)




i

11) Now, cut out an H from one of the molecules and an OH from ancther one. This leaves a
hole on one end of the mode! and a piece sficking out of the end of the other rnodel. Join
fhe two monosaccharides fogether. What do they now form?

12) Join the H and the OH. What molecule does it form?

~ 13y Nowatd a tird monosaccharide tothe two you have alfsady-formed:- What mustbe-done

in order for the third sugar to be added? _

14) This molecule containing all three monosaccharides is called a

15) How many water molecules were removed when the three-molecule polysaccharide was
formed? . ‘

- 16) Fill in the blanks:

a. When | join two monosaccharides, | need to remove water
molecules.

b. When | join three monosaccharides, | need fo remove ~_water
molecules. :

c. When | join fifty-three monosacchrides, | need to remove water
molecules. |

17) Following the logic in #18, write a simple rule that will fell 2 person how many water
molecules will be lost while putting together any number.of monosaccharides together fo

make a polysaccharide.

18) The process the destroys molecules into their monomers is called

19) Explain how this process works on a polysaccharide.




20) Look at the molecules at the bottom on the previous page. After they go through
dehydration synthesis, what do they look like? Draw them in the following space.

21) Now, take this new molecule and look at it. What will this new molecule ook like afterit
goes through hydrolysis? Draw this in the following space. -

22) Write three things that you leamed in this lab:
a.

b.

C.
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Cell Energy

In this investigation, you will

diphosphate (ADP}.

(d) study the ATP-ADP cycle.

Energy within a cell exists in the form of chemical energy. A source of this chemical energy isa
compound called adenosine triphosphate (ATP}. ATP when changed to a compound called
adenosine diphosphate (ADP] releases energy for biological work in a cell. ADP can be changed
to ATP, but this reaction requires energy. During cell respiration, energy made avaiiable from
the breakdown of glucose is used to change ADP to ATP.

(a) use paper models to construct molecules of adenosine triphosphate (AT and adenosine

(b] determine similarities and differences between ATP and ADP.
lc) illustrate energy release ‘when ATP is changed to ADP.

Materials %

tracing or typing paper
light cardboard (optional)

scissors
paste [optional]

Procedure

Part A. The Chemical Structure of
Adenosine Triphosphate
ATP is made up of smaller ‘molecules or
subunits—ribose, adenine, and phosphoric acid or
phosphate groups.

Ribose Molecule
® Examine the structural formula of ribose.

Ribose is a carbohydrate. It is different from
glicose in one very important ‘way. Glucose has
six atoms of carbon in each molecule.

3. How many carbon atoms are in ribose?

Adenine Molecule
e Fxamine the structural formula of adenine.

ribase H

adenine H
A
(]: N
T/ \ﬁ/ \C )
H#C\ /c\ /
N N
4

1. What is the simple formula of ribose? [Fill in

the apgmpriate subscripts.] C_H._O__
oes the number of hydrogen atoms

compare to the number of oxygen atoms In

ribose?

4. What is the simple formula of adenine? (Fill

in the appropriate subscripts.] C_H__N__
5. (a) What element is in adenine that is not in

carbohydrates?
(b) What element isin carbohydrates thatisnot

in adenine?

a
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(¢] What name is used to describe the H-N-H

group?

{d) Ts adenine an amino acid?

Phosphoric Acid

® Examine the stroctural formula of phosphoric
acid. Phosphoric acid is much like the phosphate
groups in ATP. '

NOTE: The letter P represents the element
phosphornis. .

V
T~
H | adenine
I
AN
O ~—H O —H O —H
[ r—A r=
i. 1 | ] 1 |
b d L b o e Sp——] | S
phosphoric phospheric phosphoric
acid ] acid acid
r—1 [ | =
ITE1T . FHE Tl
1 1 i S| 1
FIGURE 13-1

phosp’ﬁoric acid

6. What is the simple formula of phosphoric acid?
(Fill in the appropriate subscripts.)

H_P_O_.

Constructing an ATP Molecule

An ATP {adenosine triphosphate) molecule is
made up of one ribose molecule, one adenine
" molecule, and three phosphate groups joined.

7. What does the prefix tri- in triphosphate

mean?

8. Adenosineisaword made up of a combination
of letters from two different words. Part of the
word comes from ribose (the letters ‘‘os”’}.
Where do the letters “aden” and “ine’’ come

from?

® Trace the models in Figure 13-1 onto a separate
plece of paper.

e Cut out the models of adenine, ribose, and
phosphoric acid you just traced. CAUTION:
Always be careful with scissors. You may want to
paste the page on lightweight cardboard before
cutting out the models. Cut along solid lines only.

e Attempt to join the adenine and ribose mole-
cules much as you would pieces of a puzzle.

9. What end parts must first be removed from
each molecule in order for adenine and ribose

to fit together?
W

@ Remove these parts. The adenine znd ribose
molecules can now be chemically joined. New
points of attachment or chemical bonds are
formed.

10. What molecule is formed from the parts that

are removed?

e Examine the phosphoric acid models.

& Attach one of the three phosphates to the ribose
molecule by removing an H from the phosphoric
acid molecule.

® Attach the remaining phosphoric acid mole-
cules one at a time to the phosphate group already
attached to ribose.

11. What did you remove to make these connec-

tHons?

You have now built an ATP molecule.

12. List the five “building blocks” that are needed

to form one ATP molecule.

13. What is required for the chemical combina-
tion of these parts? {HINT: See introduction.)




Name

Duate

Part B. Gaining Energy from ATP as It
Changes to ADP

@ Remove one phosphate group from the end of
your ATP model.

14. How many phosphate groups are still attached

to the original molecule?

15. This new compound with one fewer phos-
phate groups than before is called adenosine
diphosphate [ADP). What does the prefix di-

mean?

16. List the four “building blocks” that are needed

to form one ADP molecule.

17. Explainhow an ATPmoleculeischanged toan

ADP molecule.

18. What is released when ATP is changed to

ADP? [HINT: See introduction.)

So far we have seen that ATP can be changed
to ADP with energy given off. This change can be
written using a type of shorthand. For example,
this change may be written as follows: ,

changes to
ATP ——— ADP + Phosphoric Acid + E 1

19, What might the letter E in the above equation

be an abbreviation for?

Part C. Changing ADP to ATP

ATP can be formed within living organisms if
the correct raw materials are available. These raw
materials are ADP, phosphoric acid, and energy.
We can again use models to help show how ATP is
formed.

e Construct an ADP molecule.

e Attach a phesphoric acid molecule to the ADP
model. If necessary, remove any H or OH ends to
provide the point of attachment. This combina-
tion forms an ATP molecule,

Energy is needed to change ADP back to ATP.
Using a type of shorthand, this change can be

written as follows:
changes to
ADP + Phosphoric Agid + B —————» ATP

20. What might the letter E in the above equation

be an abbreviation for?

W

Part D. An Energy Source for
“Converting ADP to ATP.

From where does the energy to form ATP from
ADP come? It does not come from the energy
released when ATP changes to ADP. The energy
comes from a different source. Energy is “‘stored”’
in all compounds. Food such as glucose contains
much energy. Glucose is the major source of
energy for ATP formation. Energy is released from
food during cellular respiration.

e Examine the structural formula for glucose
shown in Figure 13-2. In respiration, glucose is
broken down into two identical molecules of a
chemical called pyruvic acid. This step is called
glycolysis (“glyco-” = glucose, “-lysis” = brezk
apart). Glycolysis is the first step in cellular
respiration (Figure 13-2).

H FIGURE 13-2
|
H—C—0—H
TN Te TP
e : v
-H
C. 0~H H,C H—C—C—C H—C—C—C
N D B AN T R Nomn
(l) f— ? H O O—H H O
|I.; cl) H glucose pyruvic acid pyruvic acid |
|
H

/R ]
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The lines which connect one atom to ancther
represent chemical bonds. [A double line like this

// 1epresents two bonds.}

91. Count and record the number of bhonds in

{a} one molecule of ghicose.

(b} two molecules of pyruvic acid.

NOTE: Be sure to count double lines as two
bonds.

Analysis

1. List the name and number of each molecule forming ATP.

97, Is the amount of energy in ome glucose

molecule the same as the enezgy in -both

pyruvic acid molecules?
23, How is some of this extra energy used?

Pyruvic acid is broken down further to yield
more energy. Energy released from glucose during
respiration is used in building more molecules of
ATP.

2. List the namé and number of each molecule forming ADP.

3, How do ADP and ATP differ in

la! mumber of phosphate groups?

T

(b} mumber of ribose molecules?

(¢} number of adenine molecules?

(d] amount of potential chemical energy?

4, Your muscles require energy to move your body. What chemical directly supplies your muscles with

energy?

5. What process direc_tly supplies your body with th

e energy it needs to cha_ugé ADP back to ATP?

6. Changes from ATP to ADP and back again are often said to oceur in a cycle. One change follows the

other in this manner;

) ATP
ADP
phosphoric acid

Energy is both given off and used for work. Energy is also supplied during cellular respiration.
Complete the diagram below by writing in the words “energy given off’ and “‘energy supplied from

respiration’’ in the correct spaces.

‘/C ATP >

phosphoric acid
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'DNA And RNA

Deoxyribonucleic acid (DNA} is a complex molecule found in all living organisms. DNA is the
chemical of which genes are composed. An understanding of the organization of this molecule
has answered many guestions. Scientists now know how chromosomes can duplicate during
cell division and transfer their genetic information to new chromosomes. Scientists also
understand how chromosomes in the cell nucleus can direct the formation of specific proteins
-outside the niclens. - ' '
In this investigation, you will '
[a} learn the names of the molecules which make up DNA.
(b) use models to construct a molecule of DNA and show how it replicates.
{c) learn the names of the molecules which make up RNA.
{d) use models to show how the base sequence code in DNA is transcribed exactly to RNA.

Materials %
4 pages of paper models

scissors ’
NOTE: SAVE ALL MODEL PARTS. THEY WILL BE NEEDED FOR INVESTIGATION 25,

Procedure _ L
~ Part A. Structure of DNA Nucleotides deoxyribose T FIGURE 24-1
. 'Two important molecules which make up H :
DNA. are deoxyribose and phosphoric acid. Their H—0—C—H B
models and structural formulas are shown in _ ( /0\?
Figure 24-1, ‘ ) ? H (l: deoxyribose
R ) . ) . i H\cl__‘l:/ﬂ_ model
1. Give the simple formula for c:; |-||'
) H
(a) deoxyribose C_H._O__ phosphoric acid
- . . . . 2]
{b} phosphonc‘ acid H_P_O__ | [ m:::; acid
Deoxyribose is a carbohydrate. Phosphoric acid H? ™1

was studied previously as a molecule in ATP.

guahine : adenine




In addition, there are four different molecules

“ called bases. Their structural formulas and models
are shown on page 93.

2. Of the four bases, which other base does

{a) adenine most resemble in shepe? -

{b} thymine most resemble in shapcz

A molecule of deoxyribose joins mth‘

phosphoric acid and any one of the four
bascstafnmaachmcalcompcundcaﬂeda
nucleoﬁdc. A nicleotide is named for the

example, 1f.»;d1ym1nc attaches to deoxyri-
" bosc, the molécule is called a thymine
nucleotide.
o Use the pages of nuclectide models to answex
qucsuons 3 and 4. ‘

3. List the four different nucleotides.

4. (a) How is each nucleotide alike?

(b] Eow does each nucleotide differ?

Part B. Structure of 2 DNA Molecule

A DNA molecnle is “ladderlike” in’ shape..

.Deoxyrbose and phosphoric acid molecules join
to form the sides or uprights of the ladder. Base
molccults;omtcfonnthcrungsoftheiaddcx.

@ Cut out the 24 nucleotide models prondc& by
your teacher. Cut onlyonsahd Iines. CAUTION
Always be careful when using scissors.

e Fit six nucleotides together in puzzlelike fashion
to form atow in the following sequence from top to-
bottom:

Cytosine nucleotide

Thymine nucleotide

Guanine nuclectide

Adenine nucleotide

Guanine nucleotide .

Cytosine nucleotide
Let this arrangement represent the left half of 2

ladder molecnle. It should consist of one side or -

upright plus six half rungs. "

- 5, IFDNA is *1adderlike,” which two molecules of

- a nucleotide form the sides, or upright portion
of the ladder?
_6. To which molecule does -each base. atrach?

7. Name the molecules of each nucleotide that
" form part of the ladder's rungs.

@ Complete the right side of the DNA ladder by
matching the bases of other nucleotides to form
complete rungs. It may be necessary to turn
molecules upside down in order to join certain
hase combinztions. NOTE: The ends of each base

will allow only a specifically shaped matching
new base to fit exactly. .

“Your -completed model should look like a
ladder with matched bases as the mngs, Besides
being shaped like a ladder, a DNA molecnle is
twisted. It looks like a spiral staircase. However,
your paper model cannot show this shape.

8. Istheorderof ha]f—mng bases exactly the same
from top to bottom of each side of your model?

9. Only two cumbmatmns df base pam.hgsaxe
possible for the rungs, Name these molecule

combinations or pairs.

10. ¥ four guanjnc bases appear ina DNA modcl,
how many cytosiné bases should there be?

11. Your DNA model has four guanine bases.
{a) Does the number of cytosine bases in your

model agree with your prediction? _

(b} The following are the bases on the left side
of 2 DNA molecule. List the bases that
would make up the right side of a DNA
molecule.

-

Thymine
Adenine

Guanine .

" Guanine

]34
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FIGURE 24-3

17. What is the code of 2 c;hmmosomc? —

Part D. RNA Strmucture

Besides ensuring the exact replication of
chromosomes, the sequence [order) and pairings of
beses are a genetic code of the instructions for the
entire cell. How does 2 cell “read” the chemical
message coded in its DNA in the form of specific
base sequences? Part of the anmswer lies with a
second molecule in the micleus of cells called
ribonizcleic acid (RNA).

RINA is simnilar to DNA in that its molecules
are also formed from mucleotides. However,
deoxyribose and thymine are not found in RINA.
Two other molecules, mbose and uracil, are
present. Ribose mplaces deoxyribose, and urac:il
replaces thymine. Looking at their strmctural
formmlas and models, you will see certain similar-
ities between the molecules that they replace.
" Formulas and models are shown in Figure 24-3.

18, {a} Which base is replaced in RNA by uracil?

(b} What chemical zeplaces deoxyribose in
RNA?

19, TowhmhbasemDNAdothefollDwmgm 7
. bases pa:trz

(a) guanh;e _
{b] adenine

:: [} cytosine
- {d} aracil-
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DNA contains the mforma‘mn for carrying out the activities of the cell. Itiggnecessary to
discover the structure of DNA before scientists could begin to understand the %ge}?ﬁﬁsms of DNA

:_- 3 —— ..
ASd-T }rn'n TreTctanrt fha

Pl +; H AR ;
Replication and the code for cell tegulalion. - Today you will do a paper ‘ah

structure of DNA. and show how the genetlc mfo*maﬁon is camed &=

LLLIREA), o5 LTI L_l.L\.t

= Each member of your group has severilgp -
NUCLEQTIDE. DNA s a!%%: sleic & ;

= Carefully cut out the templares for eac?’%%mégﬂg
=" Match the shapes on the pieces and glue t’tﬁ%ﬁf e
= Within your group, manipulate the nucleotide’fzees irbitvgira ﬁ% Join the
nucleotide molecules together like a puzzle Usé i g =t ,' ‘ cEzmdissinforee the

In the space provided, explain where the nucleotide molecules connect to each other.




= Now, connect your groups DNA molecule with the other groups in the class to make one
large DNA molecule.

What is the pairing arrangement of nitrogen bases?

pairs with and

T

Are there always going fo be an equal number of adenine and thymine nucleo

=D
s in a molecule? Why
or why not? 5 '

Are there always going to be an equal number of guanine and cytosine m
DNAY? Why or why not?

SR

1% firstletter of each base. So,

In the space px
that your grow
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Protein Synthesis Simulation Lab
Part 1: Introduction .
DNA. is a very long, thin molecule located in the guclens. The DNA in one chromosome has

10s of millions of base pairs and hundreds or thousands of genes. Yet an individual cell will
only use a small portion of those genes In ifs lifetime. Imagine a mechanic who spends a

. lifetime fixing nothing but cars, but he or she is required nonetheless to carry around an enfire
library of repair manuals for everything from kitchen sinks to washing machines to light
Hxtures to computers and so on —all information the mecharnic will never be able to use
because s/he’s busy fixing cars.

Anothet peculiar thing about DNA is that it js located
inside the nucleus, and preity much stays inside the
nucleus, vet the proteins that DNA helps to make are
produced OUTSIDE of the mucleus. So how does the cell
solve this problem? It sends a “messenger” from the
nucleus to the ribosomes in the cytoplasin.

In a process called transcription, the DNA code is
transcriped (copied) into mRNA, following rules similar
to DNA replication we saw carlier (see below).

mRINA moves out of the nucleus into the cytoplasm
wheze it links up with ribosomes and begins churning out
profeins. ’

Recall that DNA consists of a sugar-phosphate backbone with a nitrogenous base. There are 4
different bases in DNA abbreviated with the letters A, T.C, & G. The code contained in DNA
derives from these 4 bases. We can think of them as letters in an alphabet that will spell
different words. In a real language, words can be anywhere from 1 letter long (2, 1) to an
upper limit of 10-15 letters for functional, non-compound words.

In DNA code, a “word” is always 3 letters long and is called a “codon.” Consider the
following DNA segment:-

Al 1T| cl|oa Tl clclal al a
| T

o]

t | al el c]l aloclea

«ATC? is a codon. “GTC” is a codon. “CAA” s a codon. Etc.

In transcription, the DNA code is transcribed (copied) into RINA code, following rules similar
to DNA replication we saw earlier EXCEPT that: :

DNﬂf,L atches wig:NA 1. Transcribe the following DNA sequence into mRNA. Draw a
Ao U line separating each codon:

Toriiiienens A ATCGTCCAAA..

Coeeeaeann G :

(G U C

e b b AL . AT aie RN

135
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9. Transcribe the following DNA sequence into mRNA. Draw 2 line separating each
codon::

T AGGCAGGTT T...

Each mRNA codon corresponds to an amino acid that is transported to the RNA/ribosome
complex by another special nucleic acid called {RNA. “T” stands for transfer. The nbosome
essentially “reads” the RNA code and facilitates the linking of appropriate amino acids o

1 R N o Py Hiar v
make proteiias, SUMMATY diagram:

Pias mamémbraﬁé DNA {!H HUGHEUS} transcribed to mRNA
= Pl .

mENA leaves nucleus

mRMA ic cytoplasm

ki
mRNA hooks up with ribosomes.
Ribosomes scroll through mREA

tRNA delivers amino acids mRNA/ribosome complex

Ribgsome
EREA)

Enzymas link amino acids together to form 2 protein

Activity: There are 4 letters of the mRNA code: U-A-C-G. How many possible combinations
are there? In other words, how many «words” can you make with those 4 letters if any
combination of letters is possible but 11 “words” are only 3 letters long? Hint — start with a
single letter, how many codons can be produced that start with, for example, the letter AT

Vou can infer the rest. Ill get you started...

AAA
AAC
AAU
AAG
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© Part 2: Questions
1. At this point, you should have figured out that thers are possible codons using 4
letters with 3 letters per codon in any order. However, there are only 20 amino acids, and each

codon “codes” for one amino acid — so what does this mean?

The table below shows which amino acid corresponds with which codons.
———= 2. What does UAC code for?

3. CAG?

4. AGG?

5. GAU?

] 6.UUU?

¥

7. List the codons for Valine:

\__ﬁ\
8. Stop?
2 %
:§ 5 M_ » ‘
3 = . : A e e .
S8 JEis x %\ B\ 9. Methionine is a “Start”
SR SIS % NBN ignal is i 9
P £73 Z Y B N signal. What is its codon?
s I ] ES A % \ : ~ e
e i =215 & Y 5 A
{_«‘; ;f == ; =& “\ K\‘_ \\\

Each amino acid is matched with one or more 3-letier“words.” The words are analogous to
an amino acid. Whea the words are put together they make a sentence. The sentence is
enalogous to a protein. So, let’s break the following code. '

10. Given the following DNA code, how would this segment be transcribed into mRNA?

TACCCGATACTCCCTTCAATT

11. Give the 3-letter abbreviation (see p. 4) for the amino acids coded for in that sequence:

12. What is the silly little sentence that this codes for (see p. )7
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Amino Acid — English word Table Abbreviation Table
_ NAME | CODE]
MET _ GLY ALA VAL LE Alanine ALA
START THE SAD RAT MET Cystéﬁem"— _C*\,Tg_ :
Aspartic Acia Acid ASP
GEUL@E}IC_Z_:_AQ]d GLU
oyE . .| . HIS .| TRR . |. PRO .| _SER Phenylalanine PHE
RAN oLp FOE SLY CAT | Glyeine — T- GLYT
Histidine HIS
lseleuc_lr_}g — h !LE~ o
THR | GLU CYS ARG TYR Lysine - YS_ |
Leucine LEU
WHO SAW MAD .ATE DOG Methionine MET
Aspérggme. AS@\[
Proline PRO
ASN GLN ASE LEU LYS | Oluamine  GIN
AND HIS FOR | DAY BIG Arginine T UARG
Serine SER
Threonine _“ Tﬁi%{ B
STOP Valne VAL
Tryptophan TRE
| - | Tyosine - {TYR

Tn the remaining space, create your Gwi Inessages and, working backwards, determine what the DNA
sequence would be: - : o

Your message:

Armino acid (3 letter):

mRNA sequence:

DNA Sequence:

Y our message:

Amino acid (3 lefter):

mRNA sequence:

DINA Sequence:
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Determining the Traits of a “Mystery Organism”
Through Protein Synthesis

Introduction:

- Genes determine what characteristics an organism will have. Genes are segments of DNA
molecules that determine what proteins the cells will make. The sequence of nucieotides in DNA
determines the sequence of amino acids in the proteins. In a process called transcription, which
takes place in the nucleus of the cell, messenger RNA (mRNA) is made from DNA and carries the
instructions for how to make certain proteins. These instructions must be taken to the ribosomes
where proteins are made. mRNA carries the instructions from the nucleus to the ribosomes. Once
at the ribocsome, fransfer RNA ({RNA) reads the message, gathers the necessary amino acids, and
brings them to the ribosome. The amino acids are lined up, and connected fogether by peptide
bonds to form a protein. This process is known as translation.

in this lab, you will be creating a “mystery organism”. You must determine which proteins must be
made to produce your mystery organism. You will be simulating the process of protein synthesis to
determine the traifs this organism will inherit. Your mystery organism belongs fo the Animal
Kingdom. If is made up of 6 different genes (A, B, C D, E, and F). Each of these genes is

responsible for a certain trait.

Purpose:
1.” To determine the traits on a particular chromosome.
2. To see how the traits on a chromosome determine the characteristics of an organism.

3. To observe iranscription and transfation from a DNA template.
Materials: - Colored Pencils Paper

Safety Precautions: None

Procedure:

1. Look at the boxes in the data table. You have been given the DNA sequence of 6 different
genes that compose a mystery organism. From the DNA sequence given, determine the
mRNA codons, the {RNA anticodons, the amino acid sequence, and the trait {protein) made
by linking those amino acids.

2. To determine what traits your mystery animal has, fill in the boxes in the data table.

3. To determine the amino acid sequence, refer to the list below. This list contains all codons
and their amino acid sequence.

There are 20 different amino acids. A combination of many different amino acids composes
different types of proteins. One amino acid is called for by one codon. A codon is a
sequence of three nitrogen bases. There are 64 possible combinations of bases (codons),
but only 20 amino acids. Several codons may be used to call for the same amino acid.

Amino Acid l Codons for this Amino Acids
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| Alanine GCA, GCC, GCG, GCU
Arginine AGA, AGG, CGA, CGC, CGG, CGU
Asparagine AAC, AAU
Aspartic Acid GAC, GAU
Cysteine UGC, UGU
Glutamic Acid GAA, GAG
Glutamine CAA, CAG
Glycine GGA, GGC, GGG, GGU
Histidine CAC, CAU
Isoleucine AUA, AUC, AUU
Leucine UUA, UUG, CUA, CUC, CUG, CUU
Lysine AAA, AAG
initiator - Methionine AUG
Phenylalanine uuGc, Uuu
Proline CCA, CCC, CCG, cCU
Serine AGC, AGU, UCA, UCC, UCG, UCU
Threonine ACA, ACC, ACG, ACU N
Tryptophan uGG ‘
Tyrosine UAC, UAU |
Valine GUA, GUC, GUG, GUU
Terminator UAA, UAG, UGA

4. To determine what traits are present in your mystery organism, refer to the table below. Use

the amino acid sequences from your data table fo determine what characteristic is being

called for.

AMINO ACID SEQUENCE TRAIT

Alanine — Histidine — Lysine

Walks on four legs

Proline — Serine — Phenylalanine — Glycine

Freckles

Tryptophan — Proline — Isoleucine

Walks upright on two legs

Serine — Tryptophan — Lysine

Small purple ears

Cysteine — Alanine

Blue hair, very hairy

Arginine — Histidine — Threonine Yellow eyes
Histidine — Valine Very little red hair
Alanine — Glycine — Proline — Serine No Freckles

Serine — Lysine

Short orange nose

Lysine — Leucine

Long red nose

Tyrosine — Isoleucine — Aspartic Acid

Blue eyes

Proline — Alanine — Alanine

(Green elephant ears
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Data Table:
GENE A GENE B GENE C
DNA: ACC GGT TAT DNA: ACG CGA DNA: TTT AAC
mRNA: mRNA: mRNA:
fRNA: tRNA: IRNA:
Amino Amino Amino
Acid Acid Acid
Sequence: Sequence: Sequence:
Trait:
GENE D GENE E GENE F
‘DNA:. GGA CGC CGA DNA: GGG AGG AAA CCC ! DNA: GCT GTG TGC
mRNA: mRNA: mRNA:
tRNA: tRNA: tRNA:
Amino Amino Amino
Acid Acid Acid
Sequence: Sequence: Seguence:
Trait:

OBSERVATION QUESTIONS:

NOOAWN -~

Distinguish between transcription and translation?
Where does transcription take place? Where does translatlon take place?
How does the ribosome now which proteins to make and how to make them?
List the steps in protein synthesis.
- List 10 different kinds of proteins that might be made by the ribosomes?
Distinguish between a codon and an anticodon.
Random mutations may occur that cause a change in the order of nitrogen bases in a codon.

One mutation involves the substitution of one of the nitrogen bases in a codon. Explain the
effect of a substitution of one of the bases in a codon.

©

What wouild be the effect of an addition or a deletion of one of the bases in a codon?
Using colored pencils, draw your mystery organism.
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Mitosis

In ‘this investigation, you will

by comparing them with diagrams.

A single fertilized human egg cell will divide to form two cells. These two cells will each divide
into two cells. In time, millions of cells are produced. The division of nuclear material in which
eachnew micleus obtains the same number of chromosomes and the samwe nuiclear code as the original
nucleus is called mitosis. Mitosis aceurs in four phases. There is an interphase between eachmitosis,

{2} locate cells in prepared onion root slides that are in the process of dividing by mitosis.
{b] identify cells in interphase and jn each of the four stages of mitosis in the onion oot tips

{c) study the changes which occur in a eell as it nndergoes mitosis.

Materials

micms{:ope
prepared slides of onion root tip (Allium), longitu-
dinal section

Procedure

& Locate with a microscope the region of rapidly
dividing cells on the prepared slide of onion root
tip as shown in Figure 15-1. Afrer Iocating the cells
under low pawer, switch to high power.

@ Locate cells that appear to be in the various
stages of mitosis. Use Figure 15-2 as a guide.

‘ region of
rapidly dividing
cells
4y

FIGURE 15-1

® Identify and label the following stages by using the
brief deseription provided. Write the correct stage
nate on. the lines provided in Figure 15-9.

{a} Imterphase—cell contains easily seen nmiclens
and nucleolis—chromosomes appear as fine
dots within micleus

{b} ProgjhasHeH mucleus ‘enlarged—nucleolus
no longer visible—chromosomes appear as
short strands within nucleus

{c} Metaphase—chromosomes long and thin
strands—chromosomes lined up along cell
center and look like “spider on a mirror”

(4} Anaphase—two sets of separate chromosomes
can be seen—look as if they are being pulled
gpart from one another

{e] Telophase—chromosomes appear at opposite
ends of cell—middle of cell has line across
center that divides it almost into two new cells

(f} Danghter cells—appear as cells in interphase
but smaller and side by side—actually start of
new interphase :
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FIGURE 15-2

e Answer the following questions asbout each of

the phases of mitosis.

nucleus

Intexphase
® Locate cells resembling Figure 15-3. Answer
guestions 1-3 while observing these cells.

1. Describe the contents of a nucleus during

interphase.
2. Are a nucleolus and nuclear membrane present

in the cell?

3. Are distinct rod-shaped structures called chro-
mosomes easily observed in the nucleus at this

tHme?

e Use your text for reference while answering
guestions 4-6.

4. Are chromosomes present in cells during

. interphase?

5. What term is used to describe nuclear contents

during interphase?

o . _ I A

somes during interphase?

(b} What other important events occix during

interphase?

Prophase
e Locate cells resembling Figure 15-4. Answer
questions 7 and 8 while observing these eells.

7. Are chromosomes nmow visible during pro-

phase?

8. Describethe changes that have occurred to the
macleolus and nuclear membrane from inter-

phase to prophase. .

@ Use your text for reference while answering
question 3.

9. Explain why chromosomes can now be ob-
served but were not observable during inter-

. phase.
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FIGURE 15-5_ o

e e

Metaphage
@ Locate cells resembling Figure 15-5. Answer
questions 10 and 11 while observing these s;ells.

10. Describe where the chromosomes are now

located in relation to the cell.

11, Can evidence of chromosome duplication

[replication} now be observed?

@ Use your text for reference while answering
questions 12, and 13.

12. What are the fibers called that become visible

during this phase?

15, Toward what area of the cell zre the chromg-

somes being directed?

® Use your text for reference while answering
gquestion 16.

16. What structure is responsible for the move-
ment of chromesomes during this phase?

Telophase
® Locate cells resembling Figure 15-7. Answer
question 17 while observing these cells.

17. What cell parts begin to reappear during this

phase? (See _quastion‘ g.)

18. Describe the location of the chromosoraes
now compared to where they were during -

metaphase.

13. What term is used to describe the structure at
which each fiber attaches to a chromosome?

FIGURE 15-6

Amnaghase
@ Locate cells resembling Rigure 153-6. Answer
questions 14 and 15 while observing these cells.

14. In metaphase, chromosome paits were lined
up along the cell’s center. Describe what is
occurring to each chromosome pair during

anaphase.

FIGURE 15-7

FIGURE 15-8
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TELOPHASE DAUGHTER CELLS

Daughter Cells
® Locate cells resembling Fipure 15-8. Answer
questions 19 and 20 while observing these cells.

19. How many cells have now formed from an

original cell?

20. Explain how the number of chromosomes
found in each daughter cell compares to the
number found in the odginal cell before

mitosis. (HINT: Read introduction.
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Analysis |

1. The term “mitosis” comes from the Greek word meaning “thread.” Explain why this word may be

helpful in describing this process of nuclear division.

2. Explain how the process of mitosis helps an organism to grow in size.

3. Complete Figure 15-9 to show the structures visible during each stage of mitosis. Draw in and/ox label
the structures listed below on the appropriate diagram. Be sure to label each animal cell with the
correct mitosis stage name. '

{a} Interphase: draw and lahel nuclear membrane, nocleolus, chromatin, centriole.

(b} Prophase: label disappearing nuclear membrane, disappearing nucleolus, original chromosomes
{shaded), chromosome copies funshaded).

[c] Metaphase: draw in the two chromosome pairs as they would appear during metaphase. Label
chromosomes, spindle fibers. ‘

{d] Anaphase: draw in the two chromosome pairs as they separate in anaphase. Label centromeres.

(e} Telophase: label reforming nuclear membrane, reforming nucleolus, pinching in of cell
membrane. . :

{f} Interphase: drawin and label muclens, nucleolus, nuclear membrane, and chromatin in each cell.

FIGURE 15-3
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Time For Mitosis

for completion of that phase.
In this investigation, you will

abnormal cancer cells.

Do all phases of mitosis require the same amount of time for completion? This guestion can be
answered by counting the number of onion root tip cells in the four phases of mitosis and in
interphase. Many cells in one specific phase indicate that a long petiod of time is required for
completion of that phase. Few cells in a specific phase indicate a short period of time is required

{a) use prepared slides of onion root tip cells to locate cells in mitosis and interphase.
(b} count the number of cells in each of the phases of mitosis and in interphase.

[c} compute the length of time in minutes needed to complete cach phase.

(d} compare data of the time needed for normal cells to complete each phase with that of

Materials

microscope

prepared slides of onion root tip {Allizm), longitudinal section

Procedure

Part A, Locating and Connting Cells in
Mitosis

@ Locateunderthe microscope on an enion reot tip
slide an area with cells in the process of mitosis.
Afterlocating the cells under low power, switch to
high power.

® Count and record in Table 16-1 the number of
cells in each mitotic phase and in interphase.
Count i1l cells in the field of view. Use Figure
16-1 as a guide to the phases of mitosis,

@ Movethe slide so you are looking at a new area of

cells,

@ Count and record the number of cells in each
mitotic phase and in interphase for this area.

@ Repeat for a third new area.

® Total the number of cells counted in each phase
and interphase for the three areas. Record this
figure in the column marked “Total Number of
Cells in Bach Phase” of Table 16-1.

® Add the totzl number of cells viewed in each
phase and interphase together to get the total of ali
cells counted. Record this number in Table 16-1.
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Part B. Determining the Time Required
for Each Fhase

Assume that the number of cells in a phase is

an indication of the time spent in that phase during

mitosis. Time spent in a mitotic phase and in

interphase can be calculated if the total time for

mitosis is known. Onion cells require 12 houzs

{720 minutes) to complete mitosis (from inter--

phase to interphase). The amount of time needed
{or a phase can be caleilated nsing the formula:

time for _ number of cells in 2 phase 720

aphase  total number of cells counted  minuies )

For example: I 109 cells were connted in
metaphase and 980 total cells were counted, then

> 3
109 7 —_
—Zx 720 @utes = 80 minutes

e Calculate the time required for each phase of
mitosis using your data. Use the total of the three
areas counted. Assume that the total time for

miitosis is 720 minpites.

@ Record the times in Table 16-1.

TABLE 16-1. RESULTS OF COUNTING CELLS IN EACH PHASE OF MITOSIS AND INTERPHASE
. TOTAL NUMBER TIME
FIRST SECOND THIRD OF CELLS IN IN
PHASE ) AREA AREA AREA EACH PHASE MINUTES
Interphase
Prophase
Metaphase
Anaphase
 Telophase
Total
number
I
Analysis
letion?

1. Which phase requires the longest dme for comp
9. Which phase requires the next longest time for completion?

3. Which phase requires the shortest time for completion?

4. The following table shows average times required for normal and Jigeased chicken stomach cells to

complete mitosis.

{a) In normal chicken cells, which phase requires the longest time for completioﬁ?

(b} Tn mormal chicken cells, which phase requires the next longest time for completion?

(¢} How do your answers to questions 4a and 4b copipare with answers to quéstiozﬁs 1 ang 20
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TABLE 16-2. TIME FOR MITOSIS OF NOBMAL AND CA-NCEROUS \l
CHICKEN STOMACH CELLS (IN MINUTES)
NORMAL CHICKEN STOMACH . CANCERCUS CHICKEN
CELLS [N MINUTES STOMACH CELLS IN MINUTES
Interphase 540 : : 3.80
Prophase - .60 : 45
Mefaphase . 10 10
Anzphase 3 . 3
- Telophase 12 ' | 10

5. (a}. Whatis the total timeneeded for a normal chicken stomach cell to complete mitosis? {Totalup the

time in mintites for each phase.}
(b} What is the total time needed for a cancerous chicken stomach cell to complete mitosis?

6. How do cancer cells differ from normal cells in total time required for mitesisz __ .

7. How do cancer cells differ from normal cells in time spent for each phase? -

8. Table 16-3 shows the length of time {in minutes) needed for mitosis to occur in 2 different normal
living organisms. '

(a} Which organism, salamanderor pea, shows time needed to complete mitosis most like the datayou

recorded in Table 16-17

(b} Why might the time required for these two Organisms to complete mitosis be similarz (HINT:

Where did the cell material you used in Part A come from?}

TABLE 16-3. TIMES NEEDED FOR MITOSIS
PROPHASE METAPHASE ANAPHASE TELOPHASE TOTAL

Salamander kidney cells 60 50 & 70 - 186

Pea root cells . &0 40 4 12 136




5. Usingyour data from Table 16-1 and the outline below, prepare 2 circle graph which shows the number
of minutes that onion cells spend in each phase of mitosis. The following suggestions may aidyouin
preparing your graph. : ‘

(a} Graph your data using the “Time in minutes” column from Table 16-1.
(b} Thecircleis divided into 18 minute sections. Each section of the graph equals 18 minutes. [faphase
is not exactly 18 minuteslong {or some interval close to a multiple of 18 minutes), approximate the

position of the line on the graph. _
lc) Shade each phase on your graph with colored pencils or various degrees of pencil shading.
(d] Identify each phase by shading the key to correspond with the shading on your graph.

‘Iaminutes{ ) T < LA - )

_______H__?_____;::E;__—t*/g—__::"_‘_”_; ____________
L= — _
NN ———

——

KEY:

[ ]=toterphase
| [ ]e=rrophase
[ ]=Metaphase
[ ]=Anaphase
[ ]=Teiophase

10. Refer to the outline graph above when answering the following questions.
{a} What important changes occur in the nucleus and cell during the longest phase of mitosis?

(b) Why do you think so much time is spent in this phase?
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Name ' Class Period

Before doing this lab, have students read sections 10:3-10:6 in ihe fext.
10-1 How Do Digestive System Lengths Compare? —

You know that the diet of different animals may vary. You can buy cat
food, dog food, and bird food in most supermarkets. _

The length of the digestive system may also vary. Animals that eat
plants usually have longer digestive systems than animals that eat meat.*
“This is the key phrase to the activity.

GOALS

In this exercise, you will:
a. measure the length of the digestive- systemn In three animals.
b. compare these lengths with the type of food eaten.

KEYWORDS Direct students to the text or the lah glossary for help.
- Define the followmg keywords '

caecum.___-. -

carnivore

digestive system '

herbivore_ - '

: i g : A fransparency of page 74 placed
MATERIALS ﬁ on an overhead and a demonstration
string metric ruler SCiSSOTS tape with string may help get sfudents

w : ' started.
PROCEDURE o : String

1. Place a pieée of string down on the
outline drawing of the rabbit digestive
system in Figure 2 on the next page.
Figure 1 shows you how.

2. Tape the end of the string in place at
the label marked “start” on thé
stomach of the rabbit. .

3. Position the string only over the entire, |
length of the unshaded organs. It must
match, exactly, the many twists and
turns of the stomach, the smalil
intestine and- ghe large intestine (the
unshaded organs).

4. When you reach the anus, cut the
string, remove it from the drawing, WRERRRRRRRIATAX,
-and stretch it out its full length. ' .
CAUTION: Use care with scissors. : '

5. Measure the length of the string in

centimeters and record this number in
Table 1. ' FIGURE 1. Measuring the digestive system

You may have students simply mark the end of the digestive system on
the string. This will enable you to use the same piece of string for all 3

an[mals

Measuring string with ruler




Start Start

——

Rabbit /™ Dog Stomach
Stomach

Smalw — ~ “Small
TR i intestine

intestine et , | e Caecum

< ~ Large

- . . Large
Anus intestine . intestine
Caecum . Anus
Small ' _ Caecum
Start intestine '
J
- Koala
Stomach

cC——————
\Large

intestine

I

Arus FIGURE 2. Digestive systems - -
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Name

6. Position the string over the shaded
portion of the rabbit ,digesﬁ've syStem )
and measure the length of the
caecum. Record this measurement in

. centimeters in Table 1.

7. Add together the two numbers that

you have now recorded in the table in

order to get the total length of the
digestive system. Record this number
in Table 1. '

8. The diagram of the rabbit digestive
system is drawn ¥ smaller than actual
size. Multiply the total digestive system
length by 3*to complete the first row
of Table 1. This number is the actual
length of the rabbit digestive system.

9. Repeat steps 1 through 8 for the
digesﬁve_ system of the koala and the

dog. :
*Applicable only in this exercise.

Table 1. Digestive System Measurements

FIGURE 3. Measuring caeca of animals -

Animal | Length of stomach, Caecum Total digestive Muitiply Actual length
: small intestire, length system length by 3 of digestive
- large intestine ' - system

Rabbit . + = x =

Koala + = x =

Dog _ + . 0 = X =

QUESTIONS -.__

§

1. Which animal has the longes_t.actual digesﬁve system?

9. Which animal has the shortest actual digestive system?

8. Based on what you already know, tell whether the animals used in this

experiment are carnivores or herbivores. NOTE: The koala is an Australian

animal that feeds only on the leaves and buds of the eucalyptus tree.

rabbit koala : dog

YORYE




. Circle the correct answer to the following questions:
a. The animal that has the longest actual digestive system 15 a

(carnivore. herbivore).
b. The animal that has wue shortest actual digestive system isa

«carnivore, herbivore).

c. The animal that has the longest caecum is a 7
(carnivore;ﬂkerbivore).

d. The animal that has the shortest caecum is a °

(carhivore, herbivore).
. By. using your answers to question 4, describe how the length of the digestive
system in animals seems to be related to the type of food the animals eat.

. Are plants or meat more difficult to digest?

Explain:

. Use the word long or short to describe what you think the length of the digestive
system might be in the ‘ ' : '

lio_n' cat - horse deer

panther — donkey - CoOwW - . wolf

. Two different animalé; of almost the same size have digestive -systems that are of
the following lengths: ‘ '
Animal A—410 cm Animal B—145 cm

4. Which one of these apimals is most likely to be a carnivore?__-

am (g ahriv

b. Explain your answer

c. Which one of these animals is most likely to be a herbivore?

3
sy lom
ey

d. Explain your answer o
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Digestive System Of Frog And Human

No two apnimal types have exactly the same internal organs. However, animals in the same
- phylum should have organs that are someéwhat similar. Frogs and humans are both chordates,

and their intemal organs, especially those of the digestive system, are similar. Thus, if you study
the structures of the digestive system of a frog, it will help you better understand the structures
of thé fmman digestive system. '
In this investigation, you will

{a} observe the digestive organs of a dissected frog. _

{b} compare your observations of the frog’s digestive systern with diagrams of the human

digestive system. _
fc} determine similarities and differences in structures between rhe systems of these two

animals.

Materials %
frog, preserved ‘ ' pins
dissecting pan tweezers
scissors bhand lens
Procedure FIGURE 62-1
Part A. Digestive System, External

Parts '

One can thinkof the digestive system as along
hollow tube extending through the body. This
tube is open to the outside at both ends. Omne
opening is called the mouth. The other opening in
. a frog is called the clpaca.

" both sides along -
dashed line

® Examine the mouth of your frog. The mouth can
be opened more easily by cutting the edges of the
' jaw with scissors. CAUTION: Always be careful
when using scissors. Use Figure 62-1 as a guide.

FIGURE 62-2 ' N

maxillary teeth

vomarine teath

esophagus
{lube: to stomack)

glotfis
{fubs to ungs)
—-lower jaw

tongue
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FIGURE 62-3

—— upper jaw

F— lower jaw

@ Locate the five structures of a frog mouth using
Fignre 62-2 as a guide.

® Rubyourfinger along the inside edge of the frog's
upper jaw. You should feel the maxillary teeth.

1. Areanymaxillary teeth also felt along the lower
jaw edge?
Use Figure 62-3 as a guide to the human
mouth. Label the following parts: teeth, pharynx
{space at back of mouth), palate {roof of mouth),
uvila (small feshy flap hanging from palate),
tongue. :

2. Compare the frog’s tongue to the human’s.

{a} How do the tip ends differ?

{b) How de the points of attachment to the

- lower jaw differ?

3. Compare the frog's teeth to the human’s.
(2} How do the number of teeth differ? {Esti-
*  mate the number of maxillary teeth in the

frog.}

(b} How does their location differ?

[c} How might their functions differ? (Frogs

swallow their food whole.}
4. Can one easily see the esophagns and glottis in

the human ﬁlouﬂx?
Part B. Digestive System, Internal Parts
@ Place your frog on its back in a dissecting pan.
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FIGURE 62-6

\
2 =
s
2 X

by

bLT

A

Human dim system

@ Examine Figure 62-6 showing a diagram of the

human digestive system.

Before labeling its parts, note the following:

(a) gall bladder and pancreas both. conmect by
narrow tubes to the small intestine. Chernicals
or enzymes formed or stored by these organs
can empty into the small intestine.

(b} large intestine consists of three main sections
instead of just one in frogs.

;Label these parts: liver, gall bladder, pancreas, .

stomach, small intestine, large intestine. (Dashed
lines indicate organs which lie below other

organs.} Several parts not labeled or present on the

frog diagram are shown in the human diagram.
Label these five new parts: :
{2} mouth—opening to digestive system.

(b} esophagus—tube leading from back of mouth

to stomach. .

(¢} salivary glands—small glands under tongue
and in back of mouth connecting to mouth by
way of narrow tubes. )

{8} appendix—fingerlike part where small and
large intestines join. -

(e} rectum—connects large intestine to anus.
[Replaces cloaca of frog.)

{f). anus—opening to outside at end of rectum:

5. Compare the frog stomach to the human’s. '

|a) How do their shapes differ?

{b) How might their functions differ?

6. {a} Does the same part lead from mouth to

stomach in both frog and human?

{b) Name this part.
7..Compare the frog large intestine to the

buman’s. )

{a) How do their shapes differ?

{b) Are both connected at one end to small

intestinel _
Part C. Parts of the A%‘h:lentary Canal

Certain digestive organs are like hollow tubes.
Food is pushed through these hollow organs as
. digestion takes place. Other digestive organs are
solid and food does not pass through them. Instead,
these solid organs supply the hollow ones with
enzymes or chemicals needed for digestion. The
hollow argans through which food passes are said
to be part of the body’s alimentary canal. The first
organ of the humen or frog alimentary canal is the
mouth.

@ Determine which organs of the frog are or are not

part of the alimentary canal. Use scissors (or
single-edged razor blade] to remove a small section
of liver, small intestine, stomach and large
intestine. )
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© Examine eachorgansectionwithahandlensand @ In the last column of Table 62-2, check those

determine if it is hollow or solid. Record your organs which are part of the alimmentary canal.

results in Table 62-2. . Note that certain organs have already been
completed for you in the table. {Salivary glands
are only present in the buman.)

TABLE 62-2, ORGANS OF THE ALIMENTARY CANAL
A DIGESTIVE ORGAN HOLLOW OR 50LID? PART OF ALIMENTARY CANAL?
Salivary_' glands . Solid
Mouth | Hollow S/
Esophagus Hollow | v
Stomach
Liver
Pancreas : Solid
Small intestine
Large intestine

Amnalysis
1. Digested food is absorhed into the bloodstream while it is in the small intestine. What structure seen in

the frog small intestine helps absorb food at this peint?___

Explain your answer.

2. Shadein on the diagrams in Figure 62-7 only those organs which make uﬁ the alimentary canal ofa
frog and human. :

FIGURE 62-7

Frog alimerdary canz!




/61

3. (a} The liver makes a chernical called bile. Bile is stored in the gall bladder. How does bile reach the

small intestine?
{b) The pancreas makes several enzymes needed for digestion. How do these enzymes reach the small

intestine? .
4. Table 62-3 shows the varions organs of the digestive system as well as the types of food acted upon by
these organs. 4 : )

TABLE 62-3. ORGANS OF 'FHE DIGESTIVE SYSTEM
ORGAN FOOD TYPE ACTED UPON
mouth and salivary glands | - ' carbah);dratesv
esophagus - 7 _ none
stormach | protein
{iver and galf bladder fat

pancreas | fat, protein, carbohydrates
small intesting fat, protein, carbohydrates .
large intestine : | ; none-

{a] On diagram A below, shade in all organs which aid in carbohydrate digestion.
{b} On diagram B below, shade in all organs which aid in fat digestion.
{c] On diagram C below, shade in all organs which aid in protein digestion.

5. {2} On the basis of your shaded diagrams in both questions 2 and 4, which orgen is probably the most

important for digestion?

[b} Why?

[c} Why might the pancreas be considered to be the second most important organ of digestion snd not

the stomach?
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Dlscovermg Connectlons

As they make observaﬁons scienfists are always looking for patterns in the natural'world. For instance
researchers have observed that pregnant women who smoke cigarettes ‘have a higher incidence of Jow-
hirthweight babies and that pe,ople with high-fat diets have a greater risk of developing heart disease.
Mazny similar medical discoveries are a result of the patterns that can be observed When studying people

and their lifestyles. .
Discovering and explaming connections is one of the bagic methods by which our knowledge of the
world advances. Tt is what science is all about! Sometimes the copnettions are not what we expect or
would predict, and sometimes we may have a hard time explaining the connections. Nevertheless,

that is how science makes progress. ‘
Jn this part of the laboratory activity, you will make a few observafions about yourself and your

classmates; then you will ook for pafterns or connectlons

Safety
Safety is important dﬁzing any laboratory activity. Althdugh no dangerons chemicals or heat sources
are used in this investigation, be sure you are careful and behave sponsibly.

Another concern is health. If you have health reasons for not performing the exercises called for in
this activity, tell your teacher so that other arrangements can be made for you to successfully complete
the investigation. If you are excused from gym class for medical reasons, for example ot if youn have

asthrna, tell your teacher about it before beginning the laboratory actwlty

Important Note: Record all of your data and answers on these laboratory sheets. You will need to kee
themn for review before the Regents Examination. Later you will need to transfer your answers to a
separate Student Answer Packet. Your teacher will use that packet in grading your work, and the
school will retain it as evidence of your completion of the laboratory requirement for the Living

Envirérument Regents Examination.




Part A. Lodking for Patferns

A1. What Is Your Pulse Raie?

Your pulse is a result of the expansion of blood vessels that occuxs each fime your heart beats to send
a strge of biood through your body. You can feel certain blood vessels “pulss” as this happens. Two
~ T AiTTETEAT wnvcz T TakE. VOUI owH DT.‘U.SS ate ittustratéd below: CD’DOSE:THE ope that works best for VDH
As yon press lightly, you should feel the pulsing of the blood. If you cannot locate your pulse aiter a

short Hime, ask your teacher for help.

Two Methods of Taking Your Own Pulse

Indsx and middie fingers
of right h'and

Your pulse rafe is a measure of how many times a minirte your heart beats. Count the numdber of pulses
you can feel in 20 seconds. Record the nurber below and then multiply it'by 3 to determine how many
fimes your heart beats in 60 seconds. Wait a minute and measure your pulse again. Wait another minute

and measure your pulse a third fime.
- Record your pulse rates for three trials below:

Trial 1 (20-second count) _. X3= per minute
Trial 2 (20-secondcount) X 3= per minute ’
- Traat 3 (20—5&(:611(1 count) X3= per minute

Your pulse rate should be about the same each time. For accuracy, it is often befier to take two or thres
readmvs about a minute apart, and average: them.

» (Czlculate and record your average pulse rate per minute:

= Record your average pulse rate-on the board or on a transparency provided by your teacher
so that everyone can see the pulse-rate data for the entire class.
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Complete a Data Table
Use the average pulse rate for each student in the class to complete the data table below.

C!ass Results: Average Pulse Rates

Pulse rat inut
(raizeacfegf;:‘glzg}e <51 | 51-60 | 6170 | 71-80 | 8180 | >90

~ Nomberof sruaanIS* S
inn this range

Prepare a Histogram
Use the information in the data table fo prepare a hlstogr:am of the class results. Use the grid below.

s Provide a title for the histogram.
. Label the vertical axis and mark an appropriate scale on the vertical axis.

s When you have deterrmned the height of each column, shade in the vertical bars.

Histogram Tiile:

<51 51-60 61-70 71-80 8190 >90

Average Pulse Rate Bange
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Answer the Following Questions

Do you see a pattern {o the class data? ___ If so, what is it? If not, explain why you think a

pattern does not exist.

nnection between height and pulse
if there is a connection
Tf so, explain the relationship

A question that sorneone might ask about pulse rate is, “Is thers a co

rate?’ Based on the information obtained from this activity, can you tell
between a person’s height and the person's average puise rate?
and how you can tell it exists. If z0t, what additional data would you need to collect fo find out if there

iz 2 connecton?
- . b

State another question that semeone wight ask abort pulse-rate that conld be answered by doing an

experiment.

H

snggestad that someone’s pulse rafe will increase if he or she becomes moze active.

Some people have
d your resting pulss rate, run in place for one minute. As an alternative,

Try this: Once you have foun
you can dence or do knee bénds, jumping jacks, or push-ups.

Ask four classmates if they got similar results. Did their pulse

- !

Did your pulse rate increase?
rates increase after exercise?

Pulse rates increase for most people after exercise. Explain why this connection between pulse rate

and activity makes sense. e

[

Pig
‘e




A2, How Does Fatigue Aifect Muscle Performance?

A condition known as muscle fatigue occurs when ceriain waste products of muscle cell activity build
" up in the cells. Until these waste chemicals are-removed, the fatigue will continue.

Do the Following Activity .

" Ho1d 4 springtiype clothespin between your tHib And indss finger. Pinch the ends 1o Uether
completely (until the two ends touch) and release them. Do this as rapidly as possible for one minute,

Record the number of times you could squeeze the clothespin in one minute:

Try the activity again, doing it the same way and using the same
two fiongers as before.
Record the number of times you could sgueeze the clothespin

the second time:

 Answer the Following Questions
Some people are ablé to squeeze the clothespin more times in 2 minute than others. Suggest a-possible

explanation for this.

Could you do as many in a minute the second time as you conld do the first time?

Provide a biological explanafion for these results.




Part A. Questions (AJI.S'WET’ each of the following guésﬁorw in the spaces provided. You will need fo

fugm in your final answers in @ separate answer packet.)

1. What doss an increased pulse rate indicate about #he heart rate and flow of blood in someone's
body? '

2. When muscles are active, cells nse nuirients and oxygen ata higher rate and produce waste
chemlcals and heat more rapidly. Describe how the interaction of two or mere body systerns helps
to maintain hromsostasm during penods of high mmscle activity. (Be sure to identify the two

systems you refer.io in your ATISWET.) _

3. A stodent in your class suggests that when most people Watch exciting sporting evenis on television,
their pulse rates Increase. Vhat is a reliable way to find out If tbls statement is comrect?.

4. What specific evidence wonld you'nef:d in order to determine if what the student suggests m

question #3 can be supported?

5. If you wanted to Increase your clothespm—squeemv rate, would you suggest exarclsmg or resting
before you did it? Explain why you think your choice is the correct one!
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Pari B. Investigating Claims

You hear many claims made every day. Advertisess make claims about the usefulness or effectiveness
of their products. Your friend may claim to be able to do something that you do not think he or she can
really do. Do you belizve 21l the claimns that people make? Have you ever bought a product based on a
claim made in an advertisement, only to find that the product did not work as you expected it to?

can help you determine which claims are facts and which are opinions or even misrepresentations., For
example, if one of your classmates claims to be the fastest runner in the class, you could gather
evidence by holding a series of races. If your classmate’s claim is true, that person should win all of
the races. If another individual wins the races, your classmate’s claim was simply an opinion not

When does a claim become a Jact? Scientists look for evidence to support or refute a claim. Evidence

supported by the evidence.

Tn this part of the laboratory activity, you will conduct an investigation to defermine which of two
opposing clzims can be supported with evidence. First read the section below. It describes two
opposing claims. Then investigate to see which claim (if either) is supported.

Conﬂiéting Claims About the Effect of Exercise on the Rate of Clothespin Squeezing
Student A claims that a person will be able to squeeze a clothespin more times in a minute if the
person exercises first. Student A suggests that exercising produces a faster pulse rate, which indicates

that the blood is getting to the muscles faster.
Student B claims that a person will be able fo squeeze the clothespin more times in a minute if the
person does not exercise first. Student B suggests that exercise takes energy away from the muscles,

and a person who has been resting will have more energy.

Which of the two students do you agree with? How could you find out for sure which

claim is commect ?

Design an Experiment

You must now design and conduct a controlled experiment to gather evidence that will deterimine
which of the two claims is correct. Use the information on the next page to help you design your
controlled experiment. Be sure your experimental methods will provide enough data upen which
to base a valid conclnsion. You will have to conduct several trials. ’
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—————— s 2 L = .1 . 3 x
Guidelines for Designing a Conirolled Expenment

they conduct and report on 2 centrolied experiment. These are
design your experiment, mzke notes a8 you go
estigation, and you can use themn to prepare final

Scienfists follow cextrin gridelines when

provided below. As you work through this section 10

zlong. Your notes will becormne the outline for your mv

version at the end. :

1. Determine the guestion you are trying to answer. The guestion should be directly related
to what you want to find out. For example, if you want to know whether or not light infensity

wFects tomato seed germination (the emeTZence of a plant from the seed), you might ask, “Does -

__lght intensity affect tomato seed gemmination?” - A
Write in your notes the GUESTION YOU will be aHlempting 10 Gnswer. T T e e s T

8

you will be festing with your expesriment. The hypofhesis isa
cted relafioaship between the variables. This statement must be
ationship to be tested. Tt often suggasis that there 18 & connection,
“[ ight intensity wilt inflnence the germination of tomato seeds”?

_ Formulate the hypothesis
- feritative statément about the expe
writén in a way that allows the tel
between two Factors. For example,
Write in your notes the hypothesis you will be testing.

- hY
3. rormulate a title for your investigation. A title addresses specifically what ig being investigated.
The £fle chould be a statement in the form of “The effect of....on...”” You should specify the organism(s)
you are using 2s well. For exzmple, “The effect of ight infensity on seed gemmination in tomato plants.”

Write the title of your experiment I YOUr 710%es.
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Pfan the design of your experiment. In the plannmv ¢ of your EKPEEE[IELBEIL consider each of the
'FnTlr“xn-ncr WMale notes of vnﬁr‘rd_ﬂjﬂ_ﬂ fo use Jater
You need to decide what data you will collect. The dependenr variable is the one you measire.
Tn this investication, the number of times the clothespin can be squeezed in a minute is the
- dependent variable.
b. -What is to be your independent variable—the one you will vary to see how it may affect
the dependent variable? In this investigation, you might make the independent variable the
subject’s level of activity just before each of the tials during which you measure that ;

a.

subject’s clothespin-squeezing rate. i
To dp a fzir test (controlled experiment) and obtain 2 valid conclnsion, you must keep allbut the

© — independent varizbl 1e constant- What-Gther variables-will it be impditint to keep cobstant to-obtain- -

meaningiul data? : .
Decide how many individuals you will test, how many trials you will 00nduct with each, {

and the conditions to which they will be subjected. In this case, yon need to determine how

many people you will test and what you will have them do.
e. Mazake note of safety precautions that will be necessary.

Write out the steps of your experimental design in your notes.
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5. Design one or more daia tables that you will use 1o record the data as it is collected. |
Your data table(s) should s]so have sections Tor Summanizing o averaging the datz, as a@pmpuate

Youi data table(s) must be designed and finalized before you begin the experiment

Sketch in your notes the data tav Ble(s) you plan to use. Be sure 10 include appro przafe headings

and units.
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Organization of the Final Report

‘When you are fimished, organize your data and defermine what the data “tells you.” Also, review what
yon did and think about whether or not some procedures should have been done differently to give you
more reliable results. Your final report should have the following sections:

rto-Guideling 3. - .

TE I 1y
<= Tifle— US@'S’GU;L notes-fom the PYCVE.G" -sections \J.\t.:.ﬁ‘«; LG -ias

Hypothesis — Use your notes from the previous section. (Refer to Guideline 2.)

Methods and Materials — Describe the materials (what you used) and procedures (what you
did) in your experiment. This may be done in the form of a list, a paragraph, or a combination
of both. Use your notes from the previous section 6 gnide you in this. (Refer to Guidelines 4
and 6.) Be sure fo idenfify the dependent and independent variables. -

Data Collected — Include your completed data table(s) a_ncL if appropriate, a graph or graphs
to summmarize the data for easier understanding of what you found.

Discussion and Conciusmns — These will relate back to the fitle and hypothesis for the
mvesﬁgaﬂon Be sure to note whether your data supports or does not support your hypothesis.
You also need to include an explanation of how or why this conchision follows from the data

you collected.
Suggestions for Improvement — Tiscuss any possible sources of error that may make your
data less reliable. Include a discussion of controlling the vamzables when investigations involve
humean subjects. State three additional variables that may have influenced the cutcome of your

experiment.
Suggestions for Further Research — Nearly any experiment that is done produces new
guestions that could be answered with new investigations. Include two suggestions for other |
investigations that could be dope or additional dafa that needs to be collected to further support

vour findings or to answer any new questions that came up during the experiment.

Note: You will need to make two copies of the report—one to hand in and one for exam review.

Prepare To Present Your Research to the C!ass

Just as scientists must always defend their CIHJID.S and conclusions fo their peers, you should be -

prepared 1o report on and defend your findings before the class. If you are chosento do a
presentation to the class, you should be able to address each of the sections of the final report and to

answer questions about your data and conclusions. You should prepare some visual aids to make the

presentation clear and understandable.



Title:

Hypothesis:
Materials:
‘Method/Procedure:
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Data:




- Suggestions for Improvement:

Suggestions for Further Research:
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‘. Thyrdid Gland

In this investigation, you will

the hormones produced.

The thyroid gland is one of the endocrine glands present in the human body. It produces a
hormone called thyroxine, Thyroxine controls the metabolic rate of body cells. The amount of
thyroxine produced by your thyroid depends on
hormones present in the body. Thyrotropin-releasing factor {TRF) is produced by an area of the.
brain called the hypothalamus. Thytoid-stimulating hormone (TSH] is 2 hormone made by the
pitnitary gland. These three chemicals interact in maintaining a suitable thyroxine level.

and is controlled by the amounts of two other

{a} label drawings showing location of the body parts involved in thyroxine regulation and

(b) complete drawings showing inhibitory and stimulatory effects.
[c] observe thyroid tissue under the microscope.

Materials
microscope )

prepared slide of pormal thytoid gland -
prepared clide of thyroid gland with goiter

Procedure

Part A. Identifying Glands and
Hormones Related to Thyroid

Action

e Look at Pigure 1. Letter A shows the location
of the hypothalamus. Letter B shows the location

of the pituitary gland. Letter C shoivs the location

of the thyroid gland.

The hormones produced by these three glands

_ interact in the following manner o maintain the

correct thyroxine level. TRE from the hypothala-

mus stisoulates the pituitary gland to form and

release TSH. TSH stimulates the thyroid to form

and release thyroxine. Thyroxine in turn influ-
ences the production of TRE,

e Draw amrows on Figure 1 to indicate these
three hormones. The arrow should point from the
producing gland to the influenced gland.

o Label each arrow with the name of the hormone
it represents.

FIGURE 1

brain

farymx
(voice box)

wind pipe
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irt B. Inhibitory and Stimulatory
Effects of These Hormones

Thetelease of the correct amount of thyroxine
your body is regulated by a constant “turning on
d off"-of the thyroid gland. This “on’ and “off”
tion of the thyroid is self-regulating. As the

aount of thyroxine increases in your body, it

uses the hypothalamus to slow its production
TRF. This “turning off”” of the hypothalamus
uises an inhibitory effect on the production of
yroxine.’ : .

What hormone is no longer produced by the

hypothalamus when it is “turned off*??
1f TRE is no longer produced, what happens to

the production of TSH?. _
What happens to thyroxine production when

TSH stops?

Use Figure 2 to show the-events that Jead fo
e inhibition of thyroxine production. Use arrows
different widths to indicate the amounts of each
srmone present when the hypothalamus is
urmed off.” HINT: Remember, thyroxine pro-
sction must be high in order to trigger the
hibitory effect.

® Label' the arrows with the names of- the
hormones and cach hormone’s relative amount.
Use the words fncreases and decreases.

As the amount of thyroxine decreases in your.
body due to the events just described, the

hypothalamus .resumes its production of TRF.
This ""turning on” of the hypothalamus resultsin a
stimulatory effect on the production of thyroxine.

4. What hormone is again produced if the hypo-

thalamus is “turned on’"? : i
5. What happens to ‘the pituitary when the

hypothalamus is “turned on"? .
6. What happens to thyroxine production when

.TSH production begins again?

e Use Figxlre 3 to show the. events that lead to
increased thyroxine productich. Use arrows of

- different widths to indicate the amounts of each

hormone present when the hypothalamus “tums
on.” HINT: -Remembér, thyroxine production
must be low in order to trigger the stimulatory
effect. :

® Label the arrows with -the -names of- the
hormones and each hormone’s relative amount.
Use the words increases and decreases.

FIGURE 2

brain

{voice box)

wind pipe

FIGURE 3

brain

{voicz box)

wind pipe
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Date

Part C. Observing Thyroid Tissue
o Examine a prepared slide of the thyroid under
low power.

 Tdentify and label the following areas on Figure

4:
{a} colloid—noncelhular, liquid areas of thyroid.

(b} follicle—areas OX patches In thyroid that
" surround colloid; no specific shape or size.

Part D. Abnormal Thyroid Fanctioning

Iodine is an important partt of thyroxine.
Iodine must be present in order for thyroxine to
form. The iodine is supplied to the body by food.
ILack of iodine results in thyroxine deficiency.

. 1f the amount of thyroxine is reduced, which
figure, Figure 2 or 3, would show the results

that take place?

8. Explain

A supply of TRH and TSH with no inhibitor
causes the thyroid glend to enlarge. Reczll from
part B that TSH stimulates the thyroid to produce
more thyroxine. TSH continues t0 stimulate the
thyroid, but no thyroxine is formed. This constant
siraulation results in an increase in the size of the
colloid areas of the gland. This conditicn is calleda

goiter.

[
p=
———

FIGURE 5

~ -

thyroid tissue
affected by goiter

e Under low power, Examine a prepared slideofa
thyrqid gland affected with goiter.

1]

@ Diagram the appearance of the affected tissue in
the space provided. Label celloid and follicle.

e Diagram on Figure 5 what the shape of a
thyroid affected with goiter might look like.
NOTE: The normal outline of the thyroid is
represented by dashed lines.
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Analysis

1.

l [a) inhibitory effect.

Name one hormone studied in this investigation produced by your

(a) h?pothalamus.'

Ib) pituitary gland.

{e) thyroid gland.

. Deﬁile the following terms:

(b} stimulatory effect

{c) self-regulating

(d} goiter

(a)} Increased amomts of thyroxine can tum off the supply of thy:cém'ge. Explain briefly how this

inhibitory effect occurs.

(b] Decreased amounts of thyroxine can turs on the supply of thyroxine. Explain briefly how this

stimulatory effect occurs

What role does thyroxine play in the human body? (HINT: Reread introduction. )

. Many people in the U.S. during the last century developed goiters. They lived primarily in the central

partof the country eway from the ocean coasts, Explain why goiters may have developedin these areas.

{NOTE: Pecple along the oceans ate more seafood which contains jodine.|

. Today, table salt is iodized, meaning that it has iodine added to it. Why is addition of icdine to.salta

healthful practice, especially for those who do not eat seafood?




Name . - Class Period ?@

152 The Brain aud s Functions

' The human brain is divided into three different parts. Each part is i
specialized. Each part has a job to perform that is different from the other
parts. The brain is even more specalized in that sp

eabhic brain sides control
only spei:iﬁc bod“y sides. -

GOALS

In this exerdse, you will: _

a. identify and label the three brain areas.

b. determine the jobs of certain brain areas.

c. match brain areas with their corresponding areas of body control.

KEYWORDS
Define the following keywords:

cerebellimm _

ceTebram

involuntary.

medulla

voluntary.

MATERIALS
#2 penal colored 'Peng:ils: red, green, blue, gray, and. yellow

PFROCEDURE
Part A. Control Arxeas of the Brain
1. Examine Figure L This shows a side view of the human brain. Label the

brackets correctly to show the brain’s three parts OT areas. Use the following
labels: medulla, cerebrnm, and cerebellom. _
5 Lahel the Fundions of certain brain parts by using the following labels:
A. vision cenfer ¥. heartbeat center
B. speech centex - -€ ~coordination center for body musdle
C. sensation of body pai H. smell center
D. muscle control of body - . 1 personality center
¥ hearing center '

5. Still using Figure 1, color in the voluntary parts of the brain with a red pencil
—~Color the IFrrvchiftary PaReaR .
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FIGURE 1. - Side+iew of the human brain

e matrafff e, e

. Locate and examine the two

Part B. How the Brain Confrels the Boiy
1. Examine the top view of the

HGEURE 2. The cershrum
cerebrum in Figure 2. Note that ‘
the cerebrum is divided mio lefi
and right sides. Each side has
been marked for you.

front views of the body 1n
Figure 3. Note that in these
views the left and right sides
are reversed (ihis is becauvse
they are front views). The
body views are marked eiher
“sensation of body pain” or
“musde conirol of body.”
Muscle conirol and body pain
are conitolled by certam
brain areas. The brain area
controlling this and the
corresponling areas on the ) . . L
body axe marked with simmilar letters. “of cﬁiﬁ‘; g? hmtarseh‘&?um

. Match the brain areas of Figure 2 with their correspondmng body areas of ‘Figsare

3 by coloring in parts of the fignres as follows:

A-—sohd Ted A'—stripe red a—cTisscross red a’'-dot ted
B-sohd Glue '—stripe blue b—crisscross blue b'—dot blae
C—solid green C'—stripe green C—CTISSCTOSS green c’—dot green
D—solid yellow D'—stripe yellow d—crisscross yellow d'—dot yellow

E-salid gray '—stripe gray e-crisscross gray ’~dot gray

R,

2.

.
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Class Period

ﬁame

EIGHURE 3. Front views of the human body

sensation of body pain muscie contol of body

d! Br
A
U

a' &

iefi side

fight side feft side right side

QUESTIONS
1. Which brain area is the largest?
2. What side and funciions are pait of body areas

a. A-E?

b, a—e?
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Laboratory Investigation __ |
( Mammals o 1 8
The Most Intelligent ,IZSETSGgéféﬂ‘ééefﬁiﬁé”t‘ii?éiéi for =
Mamm a 'S g=neral discussion of mammals.,

Time required: 40 minuteg

Background Informatipu

P T AT e

Problem

Which wsks thar humans perform are learned behaviors and which are unlearned? Whar
roles do reflexes, conditioned responses, habits, trialand-error learning, and reasoning play

Materials (per group)

paper and pencil
watch with second hand

Procedure
Part A Reflexes

your body. Tightly press the back of your hand against the wall until your shoulder
begins to ache. After ] minute, step away from the wall while s helding your arm stiff,
Record the response in Dara Table 1. '

!

© Prantice-Hall, Inc. S _ Parade of Life: Animais C g



. Part B Condidoned Reflexes

L. Read the following instructions to your partner: “Each time I say “Write,” I want you to
make a tally mark on a sheet of paper. Then place your pencil in position to make the
next mark.”

2. Give the command to write several times in succession. For most of the commands, hit
your pencil on the desk at the same time that you say the word “Write.”

3. Occasionally, hit your pencil on the desk but do not give the command to write. Try this
several timnes.

Part C IHabits

L. Dictate the following passage to your parter while he or she writes it down. Dictate at a
fairly rapid pace. “Habits are often useful in allowing routine activities to be carried out
quickly. But most of us have some habits that we would ke to break. Breaking a habit is
not a simple thing to do.” : |

P e g S ™ e " e

- —

2. Dictate the same passage again, but this time instruct YOUr partner not to cross any t's or
dot any i's. Record your data in Part C of Observations.

Part D Trial-and-Error Learning ' {

1. "Tmal-and-error learning begins when an animal associates certain responses with favorable 1
or unfavorable consequénces Thearmmat-themn tries 1o repeat those behaviors rhat led-to "=~ —— " ved==

favorable results. o -
2. How quickly can you complete a path through Maze 1? Use a pencil to mark your path ll
and have vour partner time you. Record the time needed to complete the maze in Data '
Table 2. -

3. Complete the rest of the mazes in succession, timing each one as you go. Cover each ‘
completed maze as you finish, so that you cannot look back at them. Record the times in
Data Table 2. ' '

Part E Reasoning

1. Reasonmgrstearnimgshat involves thinking, judgment, and mermnory. Primatestavedre =
ability to reason: they are the most intelligent mammals.

2. Try your hand at the following problems that involve reasomng:

a. There are four separate equal-sized boxes, and inside each box there are two separate
small boxes, and inside each of the small boxes, there are three even smaller boxes.
What is the total number of boxes? Record your answer in Part E of Observarions.

b. Figure 2 in Part E of Observations répresents nine bears in a square enclosure at the
zoo. Build two more square enclosures within this one so that each bear is in a pen by
frself. ' :

c. There are five girls: Maureen, Sue, Jill, Robin, and Pam. They are standing in a row -
but not necessarily in the order named. Neither Maureen nor Sue is next to Robin.
Neither Sue nor Maureen is next to Pam. Neither Robin nor Sue is next to Jill. Pam is
Just to the right of fill. Name the girls from left to right.

1 .
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Observations

( Part A

Record the results of your reflex experiments belon,

DATA TABLE 1

Pressure on arm muscie

Part B

What happened when ¥

ou hit the pencil on the desk (conditioneq stimulus) bur did net
give the command to write;

Part C

How many times did you cross t's or dot i’s in the second passage?

Part D
S e -
f
l 1/ ﬂ:ﬂ
!
- jE”d mez B L — — B
Et‘j"_ —rj,::jsfj“_ — Lﬂ Segin — jj

R e |

—

End

gl
]

Figurs 1 Maze 4
@ Prentice-Hail, lnc.

— End

Maze 5

Parade of Life: Animals Cu

i

|

] 5|

-iMaze §

228



‘ 1. Record the results of your maze experiment below.
DATA TABLE 2

Maze Number . Time {sec)

2. Construct a graph of your results. Grzph will vary according to answers obtained.

Time (sec)

mEITTEETETT - 2 3 45 -8 .
' Maze Number ’

Part E
1. Write your answers to the reasoning problems below.

a. How many boxes are there?

b.
] ® ®
@ ® ®
® ® ®
Figure 2

c. Name the girls from left to right:

C Parade of Life: Animals



/59

’ Name Class __ Cate

Analysis and Conclusions
Part A

1. Name other reflexes in humans.

/ 2. How are these reflexes useful®

3. Is a reflex learned or unlearned behavior?

Part B

L. Were you able to condition or “fool” your parmer into always making a mark on the
paper when you hit your pendl on the desk and didn’t give the command to writes

Explain why you think you were or were not able to do so.

2. Is the response to the pendl tap learned or unlearned behavior?

Part C . .
Is a habit learned or unlearned behavior?

J
i Part D

] Did any learning take place during this part of the investigation? Give evidence to support
; : ;

{

your answer.

Part E
Which order of organisms are the most intelligens?

-

Critical Thinking and Application
1. How is the blinking response a protective reflex?

-
ey .

@ Prertce-Hail, Inc. Parade of Life: Animals (o |
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2. Describe a sitvation in which you learned through trial and error.

3. Why are some habits useful to you whereas others are not?

Going Further

minute. Then write down as many

Cover columns B, C, and D with a piece of paper. Study the words in column A for 1
of the words as you can remember. Record your score.

Follow the same procedure for column B, then C, and then D.

- Which column wac easiest-to remember? How do you explain the difference in yourabitity
to learn the words in each column? How can this experiment help you in studying?

[y
r

4 — B G Il | e o S
Zop House Purple Sally
Wab Tree Gold and
Dod Shoe Red Bob
Jav Sack Blue went
Cug Dog Yellow to
Sor Floar Green the
Duz Rock Orange football
Tig Father Biack game
Wek Candy White last
Foy Picture Pinic night
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Nerve Wracker: Testing Your Reflexes and Reactions

Background :
"You have probably touched a hot stove or Ehél’P object and pulled your

-hand away before realizing what had happened. This fast and autornatic reaction

.

t6 7 BUMTIGE is & reflex achor. Some relexes prevent iy o e bodyr Form
example, the withdrawal reflex that allows you to remove your hand from the hot
stove before you even feel a sensation of heat helps to prevent a severe buan.
Reflexes also control antomatic activifies in the body, such as beating of the heart,
breathing, gagging and stomach movements. ' T ’

In the reflex arc, or pathway, of the simple withdrawal reflex described
above, a sensory NEuron carries impulses from the skin to the spinal cord, where it
synapses with an interneuron. The interneuron synapses with a motor neuron.
Impulses carried by the motor neuron stimulate the appropriate muscles 1o
withdraw the affected body part. All this happens in a fraction of a second.

In nonzeflex responses, impulses travel to the brain, wherte they are
interpreted and a proper response initiated. The #ime required for the brain to
receive the impulses, interpret themn, and inifiate a response is much longer than
the tirne required for a reflex arc Which involves only the spinal cord.

A person’s reaction Hme is a measure of how guickly he or she can perceive
a stirnulus and react to it. Reaction tirne is important in operating vehicles and
machinery, in sports, and in many everyday activities. Reaction time may be
increased by fatigue, drigs and distraction. '

Objectives

In this lab you will:
1. Demonstrate sorne human reflexes.
2. Measure your reaction fime.

Materials

Meter Stick
Caleulator

(Clear Flastic Sheet

Procedure
Part 1. Reflexes
Work in pairs, alternating as subject and experimenter.

1. The subject should sit ont a chair with one leg crossed over the other. The
top leg must be free to swing. With the side of the hand the experimenter
should tap the subject’s knee on the tendon just below the kneecap. NOT
TOO HARDUN. It may teke several taps before the proper part of the
tendon is strnulated. ‘ )

a. Describe the respornse of the le

/59
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Repeat Step 1, but this dme the top leg of the subject should be held out

2.
straight.
b. Describe the response of the leg
. In which leg position is the response the greatest?
- Switch roles and repeat Steps 1 and 2

4. The subject should close and cover his or hér eyes for at least T minute. At
the end of the minute, the experimenter should watch the subject’s pupils as
the eyes open.

d. Describe the response of the iris and ifs effect of the pupil.

5. Swiich rolesrand repeat Step 4.

6. The subject should hold a clear plastic sheet in front of his/her face. The
experimenter should toss a crumpled sheet of paper at the subject to try to
make him/her blink. : -

e. Describe the response of the subject’s eyes. ‘

7. Switch roles and repeat Step 8.

Part 2. Reaction Time

1. _ The subject shouid rest his or her elbow on the lab {able, with the arm
extending over the side. The experimenter should hold a meter stick in the
air, with the O-cmn line between the subject’s index finger and thumb. The
experimenter should drop the meter stick and the subject 'sho_uld catch it
between the index finger and thumb as quickly as possible. Record the
distance the meter stick fell in the Data table under column A.

2. Repeat Step 1 four more fimes.

3. Switch roles and repeat Steps 1 and 2.

4. Determine the average distance the meter stick fell by adding the

measurements from the five frials and dividing by 5.

Record the average distance in the Data Table under Column A.
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The time it takes for an object to fall a certain distance can be found by the

formular

a

t= fod
\!2

eaction Hme in seconds
istance the meter étick falls in centimeters

Y P S T . T e T —- DD
TEraEr O Tyl DAV It S FoUCTE

o

o2 ..
iET
T

6. Determine you reaction time by using the above formula. Use the average
distance determined in Step 4.

7. Record your reaction time in the Data Table nnder Column A.

o

Repeat the experiment, this ime the subject shonld dose his/her eyes.
Before the experimenter releases the meter stick he/ her should say “GO”.
The subject should iry to caich the stick as quickly as possible. Record the
Jistance the meter stck fell in the Data Table under Column B.

9. Repeat Step 8, four more fimes.

10. Switch roles and repeat Steps & and 9.

11. Determine the average distarice the meter stck fell by adding the
measurements from the five trials and dividing by 5.

12. Record the average distance in the Data Table under Column B,

13. Calculate and record your reaction time in the Data Table under Column B.
Repeat the experiment, this ime the subject should use the opposite Ahand_
The experimenter should drop the meter stick and the subject should catch
it between the index finger and thumb as quickly as possible. Record the
distance the meter stick fell in the Data table under Colummn C. '

14,

15. Repeat Step 14 four more bhmes.

16. Switch roles and repeat Steps 14 and 15.

. 17. Determine the average distance the metér stick fell by.adding the
measurements from the five trials and dividing by 5.

18. Record the average distance in the Data Table under Column C,

19. Calculate and record your reaction Hime in the Data Table under Ccﬂufnn .



20. Tdentify and record the stimulus in each experiment in the Data Table.

"21. Rate the experiment according to speed. ( Quickest reaction tirne should
be #1) '

Amnalysis

1. How is the iris-pupil respense to light a reflex that may profect y-ou?

2. How is the blinking responseé a proteciive reflex?

Which experiinent produiced the quickest reaction Hme? Explain your

resulis.

Name three SPGrté and three occupations in which reaction fme is

important.

i

" Give an example of how distractibn could slow down reaction tmme.
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6. Considering your experiments with reaction time, do you think a subject

could catch a dollar bill folded lengthwise and dropped through his/her
fingers? Test your prediction ' -

7a. BExplain the pathway an impulse travels from the moment you detect the
movernent of the stick (starting with your eye) until you grip the stick with
your hand. BE SPECIFICUY ' .

* 7b. How is this pathway different from a reflex-arc?
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N ewewm§ker Data Table

Column A Column B Column C
. Normal hand Normal Hand Opposite Hand
Eves Open Eyes Closed Eyes Opén
: Pariner says “GO”
Triall
Trial 2
Trial 3
Txial 4
Irial b

[Average)

Reaction Time

S{imuiwus

Rate ReacHon -

Times (1, 2, 3)
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{49 How Do Male and Female Skeletons Differ?——

A skeleton is found. A doctor reports to the police that it 15 an adult
male” skeleton. How could the doctor determine if the skeleton were from a
male or a {femaler . ) :

Several differences exist between the skeleton of a male and that of a
female. The main difference is in the shape of the pelvis. The female
usually has a wider pelvis. Let's see how some meastirements compare.

GOALS
In this exercise, you will: : _
1. examine and measure diagrams of a male and female pelvis.
2. determine how these measurements differ in male and female pelvises.

3. use your data to determine if a third pelvis is male or female.

KEYWORDS ]
~ Define the following keywords:

- femur

) Iﬁelvis

sacrum -

skeleton

MATERIALS
metric ruler

. PROCEDURE . : - ' ,
. 1. Examine Figure 1. Figure la is the pelvis from an adult male. Figure 1b is the
pelvis from an adult female. - : -
9. Measure the length (in millimeters) of the following dashed lines on Figures la '
and 1b: lines a, b, ¢, and d. . : -
" 8. Record these numbers in Table 1. Note that lines b ard ¢ are part of the sactum
_ bone (shaded). This bone is found at the back of the pelvis and does not block
the pelvis opening. 1t does, however, appear © block the opening in the figures.
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Name

" 4. Locate letter ¢ on Figures 1a and 1b. Note that the bottom of each pelvis is
either round or pointed ot this location. Record in: Table 1 if the bottom is
pointed or round. ) :

5. Measure and record in Table 1 the lengths of dotted lines f and g on Figures la
and 1b. If the femur bones hang straight down, the lengths of lines f and g will be.
+he same. If the femur bones Jant inward, the lengths of lines fand g will differ.
This position of femur bones {thigh bones) provide a clue as to whether the
skeleton is male or female. . .

6. Record your measurements and position of the femurs in Table 1.

Note that niow you have a way of telling male from female skeletons by using all ihe daia
in Table 1.

7 Measure and record all the lengths of the pelvis and femur paris in Figure lc
just as you did for Figures la and 1b. The dashed lines are not included in the

~ figure. Record your data in Table 1. . )

8. Indicate in Table 1 if Figure lc represents a male or female skeleton.

Tabla 1. Pelvic Borne Measurements

Pelvis | Sacrum | Sacrum Pelvis Botiom | Line Line Posiit
Figure Sex widih | length widih | opening <h 5 ne fc;smon
inea| fineh | linec | lned ape g | Of lermnurs
ia Male
1 | Femszle
ic
QUESTIONS

1. Explain how each of the following differs in adult male and adult female skeletons:

a. pelvis width

b. sacrurm,

¢. pelvis opening width

d. bottom Shape of pelvis

e. posiu'on of femur bones

2. Figure lcisfrom a __.,______._ (male or female.) List three things that helped

you with 3}011.1— answer.
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”"“.'j . 3 The appromaﬁe dge of a skeleton can be told by measunng the length of the Bl
- .. femur bone. The graph shown in Figure 4 gives you these measurements. By - '
- ' using “this graph determme the appro:amate age of a skeleton whose femur
' measures - : - _

L s o LI

a. 200 rmﬂlmeters = S

b. 300 mJﬂlmeters

B ‘*'"j-—_ CC. 350 rml]ﬂneters L L i i
4. Expla}n why the graph in Flgure 2 cannot be used to determme the age bevond

- 18 years.

. FIGURE 2. Age of human skeletons
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Skeletal Muscles

Every time you move part of your body,
responsible for moving bones. It is this bone

In this investigation, you will

results in body movement.

movement.

the action of muscles is required. Muscles are
movement that results in your being able to walk,
run, lift objects, or even nod your head yes and no. Muscle tissue is able to allow these

movements because of its ability to shorten in length.

{a) examine a slide of skeletal muscle under the microscope,
(b} compare diagrams of arm and leg muscles to determine how the shortening of muscles

{c} prepare a muscle model to demonstrate the way that muscle shortening results in body

Materials g %

microscope
prepared slide of skeletal muscle
string (2 pieces, each 20 cm long)

Procedure

Part A. Skeletal Muscle, Microscopic
View

Skeletal muscle is attached to your skeleton.
It makes up the bulk of your body weight.

® Examine a prepared slide of skeletal muscle

under the microscope. Use low and high powers.

® Note the many nuclei (datk, round bodies)
present. Also note that muscle tissue is made up of
long strands or fibers. Bach fiber shows a striped
pattern resulting from alternating bands of light
and dark protein fibers.

@ Diagram skeletal muscle under high power in
the space provided. Label muscle fiber and
nucleys.

Part B, Muscle Contraction and Body
Movement

Skeletal muscle does its job of moving bones
or body parts by shortening its length. Biologists
call this shortening contraction. As muscle con-
tracts, it pulls bones or body parts into different
positions. The muscles are attached to bones at

poster board
paper punch
- metal fastener

metric ruler
scissors

skeletal muscle

two different places, During contraction, one end
of the muscle and what it is attached to do not
move. The other end of the muscle and what it is
attached to move when the muscle contracts.
When not contracting, muscle is said to be

relaxing,
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FIGURE 71-1

origin/
end ’

mavable

joint
(elbow)/

inserti?n—/
end

FIGURE 71-2

muscle A

bulge in . .
contracted

muscle

due fo
shorfening

® Examine Figure 71-1. It shows how the muscles
of your upper arm are attached to your lower arm.
The top end of one muscle (marked A} is attached
to the middle of a nonmovable portion of the upper
arm bone {humerus). This muscle end is called the
point of origin. The muscle stretches over the
clbow and is attached to the end of the lower arm
bone [ulna). This muscle end is called the point of
insertion. As the muscle shortens or contracts, the

.ulna is pulled down.

Figure 71-2 shows how the arm locks as
muscle A contracts. Note thatasa skeletal muscle
shortens, it tends to bulge out.

Figure 71-3 shows a second arm muscle
marked B. -

® Label its point of origin.
@ Label its point of insertion.

e Use Figure 71-3 to predict the location of the
lower arm when rauscle B contracts. Complete the
diagram by drawing over the proper dashed lines to
correctly show the new lower arm position.

1. How does muscle B change in shape as it

contracts? 5 :
2. (a) Measure the length of muscle B in Figure
71-2. Record its length in millimeters

here
{b} Measure the length. of muscle B in Figure
71-3. Record its length in millimeters

" here

FIGURE 71-3

/muscle B,

{c}] How did the length of muscle B change as it

contracted?
3. {a} Does muscle A move the lower arm up or

down? _
(b} Does muscle B move the lower arm up or

down?
{c) How many different muscles are needed to

move the lower arm up and down?

o Figure 71-4 shows one of the muscles needed to
move your foot down. The muscle, however, is
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Date

FIGURE 71-4

FIGURE 71-5

shown with only dashed lines. Label the points of
origin and insertion of the muscle. Remember, the
ankle is a movable joint.

® Complete Figure 71-4 by drawing over the
correct muscle shape when the foot is pulled
down.

® Figure 71-5 shows one of the muscles needed to
move your foot up. The muscle again is shown
with dashed lines. Complete Figure 71-3 by
drawing over the correct mnscle shape when the
foot'is pulled up. Label the points of origin and
insertion of this muscle.

4. (a) In Figure 71-4, is movement of the foot
down achieved when the muscle shown

contracts or relaxes?
{b} In Figure 71-5, is movement of the foot up
achieved when the muscle shown contracts

or relaxes?
5. [a] Can the same muscle mave your foot both

up and down?
(b} How many different muscles does it appear
to take to accomplish movement up and

down?

Part C. Muscle Model

Scientists often use models to help illustrate a
particular idea or comcept. This part of the
investigation will use a muscle-skeleton model to
help illustrate the concepts from Part B.

® Trace Figure 71-6 omrto a piece of paper.

® Cut out your traced figures and use them as a

pattern for outlining the figures onto heavy paper
(posterboard]. CAUTION: Always be careful with
SCIsL0rs.

® Cut out the figures and conmect both model
pieces by using a metal fastener.

® Push the fastener through at the points marked

" with an X.

® Punch holes where indicated on both pieces.

FIGURE 71-6

punch
holes
here
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FIGURE 71-7
string A string B
metal
fastener
tie string
through holes
" TABLE 71-1. MUSCLE MODEL SUMMARY
LENGTH OF STRING MUSCLE {STRING)
LEG STRING TO IN MILLIMETERS RELAXED OR CONTRACTING?
POSITION BE PULLEDR _
A B A : B
© Straight —— _—
Pulled forward
Pulled backward

® Add string to your model as shown in Figure
71-7. The strings represent the muscles present in
your thigh.

e Position your leg model so that the foot appears

" flat as if the leg were standing on a flat surface.

@ Measure the length of each string in millimeters
and record these numbers in Table 71-1. NOTE:
Measure only from where the stringis tiedin place
to where it enters the top hole, Refer to the string
on the left side as string A and the oneon the right
side as string B. - '

& Determine which string must be pulled in order
to move the leg forward. Remeasure the strings
while the legis forward and record theirlengths in
the proper row of Table 71-1.

e Determine which string must be pulled in order
to move the leg backward. Remeasure the strings
while the leg is pulled back and record their
lengths in the proper row of Table 71-1.

e Complete the last two columns of Table 71-1.
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Name ) Date

Analysis
1. Define the following terms:

(a) skeletal muscle

(b) contraction

{c} point of origin

(d} point of insertion__ ‘
2. In Part A, you examined skeletal muscle. It is sometimes called striated muscle. Why is this name

A appropriate!

3. These two diagrams show two other muscle types present in your body. They are both drawn as they
would appear under high power magnification. - :

cardiac muscle . . smooth muscle

- (a} Use your text or other resources to determine where in your body cardiac and smooth muscle are

found

(b] Explain how cardiac muscle fibers differ from thé. fibers of skeletal muscle

(c) Explain how smooth muscle differs from skeletal and cardiac muscle when c;)mparing appeaiance

of stripes .
4, Skeletal muscles are always found in pairs in your body. That is, one muscle moves a body part in one
direction and a different muscle moves the same body part in an opposite direction. This pairing is

referred to as antagonistic pairs.

[a)] What is the meaning of the word antagonist?

{b) Were mmuscles A and B in Figures 71-2 and 71-3 antagonistic pairs?

y

Wﬁy?




[c) Were the two muscles in Figures 71-4 and 71-5 an antagonistic pair?

Why?

5. Using Figures 71-2 and 71-3 again, describe the condition [contracted or relaxed) for:

(a) muscle A in 71-2

muscle B in 71-2

(b} muscle A in 71-3

muscle B in 71-3

(c] Describe how antagonistic muscles behave when a body part is moved in one direction and then in

the opposite direction.

6. Using your model from Part C,

(a) explain what the two strings represent

{b) explain what the metal fastener represents

{c} explain the relationship between the two strings. (Were they antagonistic?)

(d) explain what pulling on each string actually represents

7. Using your model from Part C,

() describe where the points of origin of those muscles which move your leg are located.

(b} describe where the points of insertion of those muscles which move your leg are located.

8. (a) In designing 2 mariopette (puppet), how many strings would be needed to allow it to

nod its head “no"i.

turn its body toward the left or right?

b} Could these strings be thought of as antagonistic muscles?

Ezplain




FIGURE 71-6
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tab # 6

Name: | -
Biology

Date: _ _

"~ "What Causes Sports Injuries?

Introduction:

A number of different types of injuries can take place that involve the skeletal system or
the muscular system. Many of these injuries result from everyday accidents, while
others may pccurwhile-participating-in certain sports. Some injuries affect the
ligaments that hold the bones together or tendons that hold bones to muscle. In this
lab, you will learn the difference between ligaments and tendons. You will also relate
sprains, torn tendons and tendonitis to certain injuries.

Objectives: -
« To learn the difference between ligaments and tendons
« To relate sprains, torn tendons, and tendonitis to certain injuries

« to learn the name of certain body muscles, bones and tendons

Materials:
« pencil
« colored pencils or crayons

Procedure:

Part A - Sprains

1. Exami

3 ne figure 1. This is a drawing of the bones that are a part of the human
ankle. » g

FIGURE 1. Bones of the ankie

lower
$ jeg
‘bones

navicular
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2. Examine figure 2. This is a similar drawing of the ankle, except that the three
ligaments have been added. They are marked 1, 2, and 3. -

Figure 2

In figure 2, color all leg bones grey ( or use a #2 pencil)

w

4, In figure 2, color all foot bones blue.
5. in figure 2, color all ligaments red.
6. Examine figure 3 showing the three types of sprains. They are:

Fioure 5

First degree sprain: ligaments are only stretched
Second degree sprain: ligaments are only partly torn
Third degree sprain: ligaments are torn completely



ye

7. Examine figure 4 & 5. This is a drawing of the bones and ligaments of the shoulder.

Ligaments

Clavicle
— (Collarbone)
= Scapula
{Shoulder Blade Bone)

N

Humerus
(Upper Arm
" Bone)

8.. Color all shoulder bones grey.
9. Color all upper arm bones blue.

10. Color all ligarnents red.

11. Examine the incomplete drawing of the shoulder in figure 5. Finish the drawing
by:
» drawing in a second-degree sprain of ligament 1.

drawing in a third-degree sprain of ligament 2.
drawing in a normal ligament holding the humerus to the scapula

Part B — Totally Torn Tendons & Tendonitis

1. Locate your calf muscie (your Gastrocnemius muscle.) Run your hand down your
calf until you nearly reach the back of your heel.  You should now be able to feel a
thick cord at the back of your heel. This cord is a tendon (your Achilles tendon).

2. Examine figure 6a.. This drawing shows an actual view of the back of the
inside of a person’s leg.
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3. Finish figure 6b by showing what _a'tota]ly torn Achilles tendon would look like.
Draw an arrow pointing to the torn area and label it.

v Showing what tendonitis of the Achillestenden-would look like.

4. Finish figure’ 6cbys
Tendonitis is a soreness of the tendon caused by small tears which occur along the

tendon:—Draw an arrow pointing to the tears and [abel them.

Conclusions:

1. What body parts are held together by ligaments?

Are ligaments a part of the muscular system or the skeletal system?

Why?__
3. Look at figure 3

Which ligament shows a first degree sprain?

Which ligament shows a second degree sprain?

Which ligament shows a third degree sprain?

4. Which type of sprain probably takes the least time to heal?

5. Which type of sprain probably takes the most time to heal?

6. Look at figure 4.

Name the two bones held together by ligament 1.

Name the two bones held together by ligament 2.

7. Describe what one might have to do to cause a sprain.

Are tendons part of the muscular system or the skeletal system?

Wwhy?

0. How do tendons differ from ligaments?




10. A totally torn tendon is a serious problem for an athiete or anyone else. A
person will lose the use of the body part to which the tendon attaches. For
example, a totally torn Achilles tendon will prevent-a-person-from lowering his
foot. Musclés shorten (contract) when they work. The Gastroncnemius
contracts and pulls the foot down.

a) Explain why the foot cannot be pulled down if the Achilles tendon is totally torn

by Might the-foot be. raised if.the-Achilles-tendon.Is totally torn?

" “Why?

¢) Might a person with a totally torn Achilles tendon still be able to move his leg?

Why?

= [
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Before doing this lab, have students read sec.... - ..3-11:9 in the texL :
Note: This lab can be done without the preserved animal heart being available for students. -

11-1 How Does the Heart Work?"

The heart is a muscular organ which pumps blood. It is divided into
four chambers. Thé two upper chambers take in blood. The two lower -

chambers pump blood out of the heart. An upper chamber. is called an
‘atrium. A lower chamber is called aAventricle. |
- Blood moves only in one direction in the heart. Between each atrium - -

and each ventricle there is a valve. The valve acts like a door that opens In -
only one direction. | o :

Blood first moves into the two upper chambers. The top chambers then:
pump Blood through the valves into the lower chambers. As the lower
chambers fill with blood, the valves close. When the lower chambers squeeze
together, the blood is forced out of the heart. Blood does not move back

" into the top chambers.

GOALS
In this exercise, you wilk:
2. examine the outside and inside parts of a heart.
b. trace the pathway of blood through the heart.
¢. follow the events within the heart as it pumps blood. -

KEYWORDS
Define the following keywords:

atrium

contract .

coronary artery.

heart valves

;

~ ventricle : . ‘
Pig or cow hearis can be used and are available from a biological supply house.
MATERIALS &S o H G .
sheep heart on paper towel or dissecting :
colored pencils: red and blue tray
/

PROCEDURE
Part A. Parts of the Heart
1. Obtain a sheep heart from your,
teacher. Do not turn it over. The
right side of the sheep heart is on
your left side. The left side of the
heart is on your right side.*

_ , FIGURE 1.
*Suggestion: Labsl the left and right sides on the heart with a piece of paper and pin stuck through
paper into the muscle. You as the teacher must position the heart correctly on the paper towel. The'
easiest way to tell the left from the right is that the coronary artery divides the heart in half. '
_The left half will be wider. ' ' :

i . :
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2. On your sheep heart, find the parts listed in Table 1. Use the information in the

table to help you.
3. Label the eight parts of the heart correctly on Figure 1. To help with the labels

use the letters provided in the table and on the figure.

Table 1 . Front_ Parts of the Heart

Part Location + Traits Name
A across front Il blood I ] o
of heart center sma go vesse | coronary atery
bottom right - : R o
B chamber large muscle section or chamber left ventricle
c | Pottom lef Jai e sect hamber | right ventricl
_ chamber arge muscle section or chamber | sight ventricle .
- - N top right. . ;
D chamber sma!l muscle section or chamber | left atrium _ ]
top leit . ( o ]
E chamber small muscle section or chambgr right atrium

large blood vessel*

from right ventricle . pulmonary artery -

F top center

large blood vessel* -
from left ventricle; : aorta
targest artery in body

large blood vessel*
from right atrium

G {op center
behind F

vena cava

H top left

*All you will see is a hole where the blood vessel
was aftached to the heart.’

- Part B. Direction of Blood Flow ‘ AN % A4
Through the Heart Pulmonary artery — \\///,:% Aorta

1. Examine Figure 2. 1tis a l Vena se"";;&‘e“sar 3
diagram of theinside of a . " cava Pulmonary vein
heart. Arrows show the"

direction of blood flow. IR S
2. Examine Figure 3 on the ' -
next page, which shows the )
inside of a sheep’s heart.
The arrows outlined in
dashes indicate possible
directions of blood flow.
Using Figure 2 as a guide,
filt in with a pencil the
arrowheads that show the
correct direction of blood
flow. . ‘ . .
3. Label the inside parts of Right ventricle

this figure using Flgure 2

as a guide.

ieft atrium

a-————————;—\\ —_ |

/ Bicuspid valve

Left ventricle

FIGURE 2, Blood flow through the heart

¥
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" Period

Class

Name
B = Blue
" Part C. Condition of Blood in the Heart R = Red
All blood on the heart’s right side has little '
oxygen and much carbon dioxide. Blood on
the left side has much oxygen and little
carbon dioxide. '
1. Using colored pencils, fill in the
arrows in Figure 3 to show these  ggmilunar
differences in gas content: - valves
4. all arrows that indicate blood
with much*oxygen should be
colored red. :

b. all arrows that indicate blood
with much carbon dioxide should
"be colored blue.

Vena cava

vein

Right atrium S

Part D. Pumping Action of the Heart
Blood enters the two top chambers of the
heart. Because they are made of muscle, thrfy . Right ventricle .
are able to squeeze together or contract. , " Lett ventricle
When this happens, blood s pumped to the - :
two bottom chambers which are relaxed.
These events are shown i Figure 4.

Tricuspid valve Bicuspid

valve

FIGURE 3. Inside of a sheep’s heaft
1. Note that certain valves in Figure 4 are open while other valves are closed.

Complete the first column of Table 2. Lo .
Once blood fills the two bottom chambers they contract. B lood is then pumped out of the heart

into the rest of the body. These events are shown in Figure 5.
9. Note which valves are open 0T closed in Figure 5. Comp

of Table 2.

lete the second column

contracted . relaxed j

relaxed contracted

FIGURE 5. Blood leaving ventricles-

Co FIGURE 4. Blood entering ventricles
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“Table 2. The O ening and Closin of Paris of the Heart "

-— E‘ .
_ Blood entering | Blood leaving

ventricles ‘ventricles

______________,___————————.—-‘

Top chambers {atria) relaxed of contracted?
1 Bottom chambers (ventricles) relaxed or contracted?
4 Semilunar valves open or closed?

Bicuspld valve open of closed?

Tricuspid valve open of closed?

QUESTIONS
1. What is the job of the coronary artew?%;___;;_/f—/
2. Blood is 'pumi)ed"from the heart to the body through the aorta.
a. Wch chambér does this job?f"
b. Does this blood have fmore oXygen or more carbon dioxide? . ——
c. Which valves are open duriz}g'this process?g______'__;,t-_f_—f—'—-— )
3. Blood is pumped from the heart to the lungs through the pulmonary artery.
a. Which.heart chamber does this job?ﬁ____;fﬁ_;_——t%—#—
b. Does this blood have more 0Xygen or more carbon dioxi’de?wfj_e—
c. Which valves are open during this process?ﬁ_;;;;_;_——w—— '
4. Trace a drop of blood throtigh the heart by putting these heart chambers and

valves in proper order: left atrium, semilunar valve, right atrium, right ventricle,

bicuspid valve, tricuspid valve, left ventricle, semilunar valve.

Begin with the right atrium.

‘. Using colored pencils, indicate if cach heart chamber listed in question 4 contains
blood with more oxygen (red pencil) or more carbon dioxide (blue pencil).
Underline each part in your answer to question 4 with the proper .color.
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patient.

Class

Period

—

RESA

12-2 What Blood Types Can Be Mixed?

Sometimes patients may lose a lot of blood. In these cases blood from
another person can be given to the patient. This giving of someone else’s
blood to a person is called a transfusion. .-

There are four main blood types: A, B, AB, and O. Ounly certain blood
types can be mixed when a transfusion is made. Mxing blood types
incorrectly during a transfusion can lead to serious illness or the death of a

GOALS
In this exercise, you will:

a. set up plastic cups filled with water and food coloring to represent the four

blood’ types.

b. mix “blocd” to see if color changes take place.
c. judge which blood types can be mixed safely.

KEYWORDS
Defme the following keywords:

blood type

donor

Iecipient

MATERIALS B @

colored pencils: red, green, and black
food coloring: red and green
graduated cylinder

PROCEDURE
Part A. Set Up

1. Turn over the page and examine the
grd m Figure 2. Note the columns
marked Recipnent and the rows
marked Donor.

2. Place one of the small plastic cups
onto each of the 20 squares as shown
here in Figure 1. '

3. Fill each cup with 10 mlL of water.

4. Using a dropper, add 4 drops of red
food coloring to each of the four
cups in the column marked Recipient
A (red), and to the cup marked
Donor A.

20 small clear plastic cups
6 droppers

Donor

Recipient

(0D D D -

5
=
=
5

(DD -

FIGURE 1.

1um LIS e e s
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QUESTIONS

1.

10.

. How many

What is the function of -

a. red blood celis?

b. white blood cells?

c. Platelets?

a. red blood cells are in a drop of normal blood?

b. white blood cells are In a drop bf normal blo})d?

c. rplatelets are in a drop of normal blood? _
Rank your answers given to question 2 as o the most common (1) to the least

comﬁmn (3). _ _ _ A -
Do your rankings for normal blood in Table 1 agree with your answer 1o

question 3? :
Explain why a person with anemia always feels tired (keep n mind the main job

of red blood cells).

The rank of blood cells in a normal person and one with polycythemia is the

same. How can you ;Dncluae that the person has polycythermiar

The rank of blood cells in a normal person. and one with sickleg:ell anemia 15 the

same. How can you conclude that the persen has sickle-cell anemia?

Namé 2 blood disease that shows

a. too many white blood cells

b. too few platelets

c. too few red blood cells

d. too many red blood cells
Explain why a person with thrombocytopenia purpurea shows many bruises or

purple 1narks.

Explaﬁl how the counting and appearance of blood cells can help in the

diagticsis of blood diseases

A T e R A




5. Using a different dropper, add 2 drops of green food coloring to the four
cups in the column marked Recipient B (green), apd to the cup marked

= Donor B.

6. Add 3 drops of red food colorng and 3 drops of green food colorng to e
each of the four cups in the column marked Reciptent AB (red and green), o

and to the cup marked Donor AB.
7 Note that the four cups in the column marked Recipient O, and the one
cup marked Donor O have no food coloring added to them.
8. Using colored pendls, color in Table 1 to show the colors of all 16 cups
. :

- marked Reciprent.

Table 1. Before Blood Is Mixed

Donot

A

B

Y R T T i

it st

Part B. Mixing Blood Types
1. Using a clean dropper, TemMove “blood” from the cup marked Donor A.

Moving across the grid, add 2 droppers full of Type A “hlood” to each of

the four cups in the same TOW. This step shows what happens when a donox
gives his or her blood to & recipient.

9. Repeat step 1. for the next row, but this time use “blood” from the cup marked
Domnor B. _ '

%. Repeat step 1 for the next row, but this tirne use “hlpod” from the cup

marked Donor AB.
4. Repeat step 1 for the final row, but this fime use “Llood” from the cup

marked Doror 0. |
5. Color In Table 2 to show the colors of all 16 redpient cups.

. : Table 2. After Blood ls Mixed -
: Recipient '
L Deonor P :

AB O

A,

I
TR e

P

e e S SR

[
e
A
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Class Period j '

Name
% . FIGURE 2. Grid for mixing food colors _' : ' E-‘/;
3  Recipient v
Donor ; :
A B AB O
;.n
A
(red) © (red) . (green) . (red + green)' - (cleér)
B
4 . (green) (red) (greem) (red + green) (clear)
AB
(red + green) (red) _ (green) (red + green) (clear)
O
| (clear) (red) ' (green) (red + green) (clear)
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Part C. Judging If Blood Is Safe to Mix
1. Compare Tables 1 and 2. Blood is safe to mix between donor and recipient if
there is no change in color in the same cup from Table 1 to Table 2. Blood is not
safe to mix between donor and rec1p1€nt if there 1 is g change i color in the same
cup from Table 1 to Table 2.
2. Complete Table 3. Write the word safe or unsafe in each of the 16 squares.

" o,

Table 3. Is Blood Safe To Mix?

Recipient
Donor
A B AB 0
A
B
AB
O

 QUESTIONS
1. List the blood types of peoI_)le to which a Type A donor can safely donate

! blood._ |
f 2. List the blood types of people to Whlch a Type B donor can safely donate E

blood.
3. ILast the blood types of people to which a Type AB donor can safely donate

blood i
4. List the blood types of people to which a Type O donor can safely donate

blood... ' ;
5. A person with Type O blood is often called a “universal donor.” Why might

this be a good term to use to describe such a person?

6. A person with Type AB blood is often called a r“universal recipient.” Why

might this be a good term to use to describe such a person?

pre o

S
L G
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12-C Blood Types

Period |

In your textbook, read about blood types (Sections 12:9 and 12:10).

220

1. Examine Figure 12-15 in your text. Then complete this table by using checkmarks.

Type Type Type

A - B AR

Type
G

Plasma proteins of fype A blood 'do not fit which

red cell proteins?

Plasma proteins of type B bloed da not fit which
red cell proteins?

Plasma proteins of typé O blood do not fif which
red cell proteins?

Red blood cell proteins of type A blood do fit
which plasma proteins?

Red blood ceil proigins of type B bicod do fit
which plasma proieins?

Red blood cell proteins of type AB biocod do fit
which plasma proteins?

Show how the foliowing blood cell proteins and plasma proteins do or do not fit by
completing the drawings. The first one is done for-you. Complete the last column by
writing “yes” if the fit could cause blood to clump. Write “no” if the fit could cause

no clumping.

 RED BLOOD CELL PLASKA PROTEIN FIT OR NO FIiT BLOOD
PROTEIN AND TYPE AMND TYPE DRAWING couLb
CLUMP? -
Mo

K

| 9 O

7| P9
| LAl

| | | |
O
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3. Complete the chart below by drawing in the pictures that go in the column marked
“fit resulting in clumps.” Mark in the last column if it is safe or unsafe to mix these
blood types. The first one is done for you as an example.

f
MIXED

BLOOD

BLOOD FIT RESULTING IN SAFE OR

TYPE ‘WITH TYPE CLUMPING CR NO FIT UNSAFE?
Fit '

Unsafe

C]umpedi"@@o

Type AB + Type 0

O

12-D The Immune System

In your textbook, read about the immune system (Sections 12:11 and 12:12).

1. Describe where each part of the immune system is located and write the correct
function for the immune system parts listed in the table.

Immune sysiem part

Location in body

Immune system function

bone marrow

spleen

thymus gland

fymph vessels
and fluid '

tymph nodes
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Class f Period ___ -

Name

2. a. Define immune system.
b. Define antigeh.
c. Define antibody.

3. Figures A, B, C, and D are labeled for you. You are to: |
a. draw the antigen onto the correct cell that normally has antigens on it.
b. draw the antibody onto the correct cell that normally has antibodies on it.

ANTIGEHN

BACTERIUM

B D :ZIE] ANTIBODY

4. Using the drawing of the white cell, bacterium, antigen, and antibody as a guide,
make a drawing in this space that shows how the white cell and bacterium will join
together becanse of their properly fitting antigen and antibody. Label all four parts.

5. Explain why or how: _
a. your skin, tears, and mucus can be part of your immune system.

b. a bacterium with antibodies-stuck to it will be destroyed.

c. memory white blood ceﬂs are helpful.




Due Date 3lood Disorders
Blood is a complex fluid Tissue cornposed of liquid plasma and different cells with
gifferent jobs. if a blood smear is observed undar the microscope, three different
cell types will be obsarved - red blood cells, white blood cells, and platelets: Ina
sample of normal blood, the numbers of blaod celis are fairly constant. Sornetirnes,
however, the number of calls will change due 1o & partcular disease condidon.
Noticing this change in number can help a physician in the diagnosis of a blood
disease. ) ) .

The objectives of this investigation are to: :
1} identify the differences hetween a normal blood sample and sarmples of bleod
from individuals with iren deficiency anemia, leukemia, polycythemia, and

rombocyiopenia. i

MATERIALS
pencil

PROCEDURE

PART A - Normal Blood Smear _
1) Examine Figure 1, which shows human biood cells magnifiad 1000 gmes.

7} Count each call type present. To help avoid counting cells, twice, it might help to
put a check mark on each cell asit s counted. Use the following infermation as a
cuideline: :

4. red Blood cells - round, very numerous, no nucleus.
. white blood cells - round, few in number, larger than red

elis, nuclaus

present.
c. platelets- dotiike cell fragments,
greater than white, extremely small. :
3) Record the pumber of each call type for Figure 1 in the Analysis table in the
Frst column. Using the aumbers 1,2, and 3, rank the calls in order from mmost
nurnerous (1) to at least numerous (3). Enter

in the table marked rank.

fewer in number than red calls, but

these rankings in the next column
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Figure 1.
Normal Blood Sample

PART B - Examining
Abnoimal Blood Smears
1) Examine figures 2 to b.
‘human blood samp
certain diseases.
7) Count, each cell type 2

These fisures represent '
les from people with

nd record the number

for each sample in the Analysis table in the -
proper column.

3) Complete
11to 3, as

the rank colurnns using the numbers
done with the normal blood smear.

1 s "o
b 2@ / -\@ﬁ d
NCAp- S S ¥




¢~ Didarosing Blood Disgases - =7 e e e
pead ever the following €as€ histories for five hospital patients N
Match each case history
record the name of each

bilpod sample. {Figures 2-6)
+he correct column

iwith the approprate
disease ("Disease diagnosis) in

of the Analysis table.

¢ ASE HISTORY:
Blood analysis:
Disease diagnosis:
[ ASE BISTORY:
Blood analysis:
Disease diagnosis:

CASE RISTORY:

Blood analysis:

Disease diagnosis
{ ASE HIST ORY:

Blood analysis:
Disease didgnosis:

Blood analysis:
Disease diagnosis:

Anghsis

sermale, black, age 18; has poor nutrition, complains of always
being tired and having no energy. _

zed blood cells - low 10 number, a few with unusual shape
Blood cell rank - red= 1, platelets= 2, white= 3 _ .
ron deficency snemia {(an=no, =rmia = blood)

male, black, age 15; is always Hred and short of breath.
Red blood cells shaped tike crescent meons-

Sickle cell anemia

fermate, age 14; has a fever, sorg throat, and frequemt'

nosebleads- .
red bloed cells - low in nurnber, white blood cells - abnormally

high in numiber; Blood cell rank - \{Vhite =1,
Red = 7, platelets = 3. '
| eukernia {form of cancer)

{leuk white, emia = blood)

male, white, age 68; has frequent headaches, nosebleeds, has

*"high blod pressure -nd a very red complexion.

Rad blood cells - a very high number

potycythemia (poly = malty, cyth = cell, emnia = blood}

fomale, age 27; has cudden appearances of purple marks under
ihe sidn, bruises easily; blood
platelets - very Tew in nurnber
Thrormbocytopenia purpured
Penig = purple)

does not clot sasity after a cut.

(thrombo = platelef, cyto = cell, -
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" Though their jobs are similar, they accomip

L

DISCUSSIOH QUESTIONS

What s the function of:’
red blood ceils
white blood cells
platelels

ERSES

gularly weat out and pesd 10

31o0d cells donot last forever. They Ie:
above types preduced?

c replaced. Where a1 new cells of each of the

Ta a drop of normal biood, which ceils are Tmest npmerous?

least numercus?

Why is Jack of a aucleus an advantage for red blood cells?
Why does a persdn with anerma often feel tred and easily become
short of breath? )

cells i & normal persen and one w1t

The rapk and number of blood
-1 How then can a doctor conchide thata

Sickle-cell anermia is almest identic
pexson has sickle-cell anernia?

ells are phagocytes and ymphocytes.
lish their objectives differentiy. How
of Iymphocytes?

Two specific types of white blood ©
dees the acticn of phagocyies differ from that

How do platelets help the blood 10 clot?
Why might a person with thrombocylopenia purpuisd have waDy bruises af
purple matks?



Class - Period ‘

AA7) .

Name

————28-2 How Can a Mutation in DNA Affect
an Organism?

Sometimes the DNA code that makes up a gene has an erreor in it, This
error Is called a mutation.-When the DNA contains an error, the mRNA it

for incorrect tRNAs and produce an incorrect, protein. _
Sickle-cell anemia is a disorder that gets its name from the sickle shape

of the'red blood cells. The sickled red blood cells are caused by a rmutation
in the hemoglobin of the person with the disorder. Hemoglobin is the main
protein in red blood cells. Each hemoglobin molecule carries oxygen from

the lungs to all other parts of the body.

makes will copy that error. When the mRNA contains an error, it will code -

INTERPRETATION

OBJECTIVES
In this exerdse; you will:
a. examine the coding errors produced in mRNA and tRNA when there is 2

mutation in the DNA.

b._ examine the effect of a mutation in the gene that codes for blood hemoglobin.

KEYWORDS
Define the following keywordis:

gcne

hemoglobin

mutation

sickle-cell anermia

MATERIALS

| . colored pencil

PROCEDURE

1. Examine Table 1. The two columns show a section of normal DNA and a section

of DNA that has a mutation in it. The mutation is called sickle hemoglobin.
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Name A Class - Period

2. In Table 1, in the row marked mRNA code, write in the correct letters that will
match with the nitrogen base letters of DNA given in the row above. Do this for
both columns. Remember that A matches with U, T matches with A, C matches
with G, and G matches with .

3. In the row marked (RNA code, write in the correct letters that will match with the
nitrogen base letters of mRNA in the row above. Remember that A matches U,
U matches with A, C matches with G, and G matches with C

4. Examine Tablé 2. This table shows which protein parts are coded for by specific
sets of nitrogen bases (three per set) of the mRNA molecule. For example, the

mRNA. sequence CCC codes for protein part A,

Table 2. HMitrogen Bases of Protsin Parts

Protein part mANA
A €CC
B GAA
c ARA
X : Guu

5. In Table 1, in the row marked Order of protein Paris, write in the correct order of
protein parts coded for by the mRNA. Do this for both normal and sickle

hemoglobin.
6. In the row marked Shape of blood cells, draw in what you think will be the correct

shape of blood cells for the kind of protein found in the row above. Use the
diagrams in Figure 1 for reference. . '

Normal red blood cells Sicklied red blved cells

Normal hemoglobin Sickied hemoglebin

FIGURE 1. Shapes of blood cells

7. In the column marked This section codes for sickle hemoglobin, locate the two
nitrogen bases that are different in DNA, mRNA, and tRNA from those in the
column for normal hemoglobin. Color those bases that are mutations with the

colored pencil.



- Look at the two DNA molecules'in Table 1. What nitrogen béges in the sickle
mutation DNA are different from those of the normal DNA?

- If every three nitrogen bases on DNA represent a gene, how many genes are
shown on

a. the section of normal DNA?

b. the section of sickle hemoglobin_'DNA?
- List the nitrogen bases (examined in Table 1) for .

a. the normal genes of hemoglobin

b. the sickle hemoglobin genes :
- How many genes are different in sickle hemoglobin DNA compared with normal

hemoglobin DNA? . ‘
. How many protein parts are different in sickle hemoglobin compared with

normal hemoglobin?_
. How many genes are needed to code one protein part into a protein such as

hemoglobin?
. Define the word wmutation

2. by using the word “gene.” :
- @

b. by using the phrase “DNA code.”

It is possible to move genes from one molecule of DNA to another. A normal

gene could be put.in the place of a gene with a mutation.
2. If the DNA with a mutation were corrected in this way, what would happen ‘

to the mRNA that DNA makes?

b. What would happen to the, protein formed by this mRNA?_

ol et
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